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FOREST MANAGEMENT 


INTBODBCTION. 

The management of forests depends, apart from local 
conditions, on the objects which it is proposed to realise. 
These differ considerably according to circumstances, but, 
whatever they may be, they can be brought under one of the 
following two headings:— 

(1.) The realisation of indirect effects, such as landscape 
beauty, preservation or amelioration of the climate, 
regulation of moisture, prevention of erosion, landslips 
and avalanches, preservation of game, etc. 

(2.) The management of forests on economic principles, 
such as the production of a definite class of produce, 
or the greatest possible quantity of produce, or the 
best financial results. 

It rests with the owner of the forest, in so far as his choice 
is not limited by the laws of the country, to determine in each 
case what the objects of management shall be, and it then 
becomes the duty of the forester to see that these objects 
are realised to the fullest extent and in the most economic 
manner. 

In some oases, the realisation of indirect effects requires a 
special and distinct management, but in the majority of cases 
they can be produced in combination with economic working. 
The present volume deals chiefly with the economic aspect of 
forest management. 

The economic working, whether it aims at the production 
of a special class or the greatest quantity of produce, or 
F.H. 
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the best financial results, must be based on the yield of the. 
forest. In order to determine this, the forester must study 
the laws which govern production; he must be able to 
measure the produce and the increment accruing annually or 
periodically, to determine the capital invested in the forest, 
to regulate the yield according to time and locality, and to 
organise the systematic conduct of the business. 

Accordingly, Forest Management may be divided into the 
following parts:— 

Part L— Fobbst Mensuration, dealing with the determina¬ 
tion of the dimensions of trees, the volume of 
trees and whole woods, their age, and increment. 

„ II.— Forest Valuation, dealing with the determination 
of the capital employed in forestry, and the 
financial results produced by it. 

,, III.— The Foundations of Forest Management. 

„ IV.— Preparation of Forest Working Plans. 
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PEEPARATION OF FOREST WORKING 
PLANS. 

In Part III. of this book, the foundations of forest working 
plans have been dealt with, more particularly the increment, 
rotation, the growing stock, yield, and the relations existing 
between increment, growing stock, and yield. Out of the 
material thus given, the forester constructs for himself an ideal 
condition which serves him as an object to be aimed at. Just 
as little as a man striving at perfection ever arrives at it, so 
does the forester never succeed in bringing his forest in every 
respect into the ideal or normal state. And if he accidentally 
should do this, something unforeseen is sure to happen which 
will produce some imperfection in one way or another. The 
art of the forester, therefore, consists in bringing his forest as 
near the normal state as may be possible. In other words, 
the normal state must serve as a standard towards which the 
forester is to lead the forest under his charge. 

As the management depends, in the first place, on the objects 
which the proprietor has in view, and as these differ widely, 
from a protection forest to one worked entirely for financial 
objects, it follows that the normal state differs with the objects 
aimed at. Every different object has its own normal state. 
This having been determined, the forester draws up a working 
plan or scheme in which he indicates the measures by which 
he proposes to change the actually existing into the normal 
state. 

Forests may be abnormal in many ways. More particularly 
the abnormal condition may be due to an abnormal state of 
(1.) the increment, or 
(2.) the age classes, or 
(8.) the growing stock, or 
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(4.) the whole or parts of the forest may work with a 
percentage smaller than that which the proprietor has 
to pay for the money invested in the forest. 

Either one or several of the conditions may be abnormal, 
and in the latter case the question arises, which the forester 
should take in hand in the first place. Just as a capitalist’s 
first, care is to make his capital yield him an appropriate 
interest, so must the forester see that a full increment takes 
place in his forest. The increment, above all other considera¬ 
tions, renders the capital invested in a forest active; it 
replaces, year by year, that part of the growing stock which 
has been removed by fellings. Without it, the growing stock 
will diminish until it finally disappears altogether. Hence, it 
must be the forester’s first care to bring the increment up to 
its full or normal amount. This he does by regulating the 
cuttings in a suitable manner, followed by efficient regenera¬ 
tion, and rational tending of the growing woods. All parts of 
the forest with a deficient or undesirable increment must 
either be filled up if young enough, or utilised and replaced by 
vigorous young woods. Take, for instance, many if not most 
of the oak woods in Britain. Quite a respectable number of 
cubic feet of timber may be standing on the area, but most of 
the trees are misshapen, or short in the bole, and the increment 
which they lay on is not only small, but it does not increase 
the value of the trees in the same degree, as if it was laid on 
by trees with fine tall stems. In such cases, the undesirable 
stock should be removed and replaced by abetter class of 
trees. Or, take the majority of Indian forests: they generally 
contain a considerable number of species, of which only a few, 
and sometimes even one only, are saleable. Here, the greater 
part of the increment is laid on by trees without any value. 
Baiional forestry demands that, if not all, at any rate the 
greater part of the useless material should be removed and 
replaced by the valuable species. 

Next, a proper proportion and distribution of the age classes 
must be aimed at, in all cases where a regular and normal 
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return is desired year after year. Without it, the returns will 
be intermittent, or, even if there are mature woods available, 
it may not be possible to cut them for fear of damage being 
done to adjoining woods. 

The realisation of a full and regular sustained yield is 
possible only if both a full increment and a proper proportion 
of the age classes, as well as their suitable distribution over 
the forest, have been established. 

It has been shown that forests which have been brought 
into that condition contain also the normal growing stock; 
the latter comes of itself, if the other two conditions are in 
order. At the same time, the growing stock is of interest, since 
it shows the capacity of a forest to yield a certain return for 
a corresponding period of time; it has also often to be deter¬ 
mined, numerically, so as to ascertain the amount of capital 
invested in a forest. 

Considering all these matters, it is clear that a proper plan 
or scheme must be devised which lays down the execution of 
the necessary measures in an orderly manner. A working 
plan has for its object to lay down, according to time and 
locality, the entire management of the forest, so that the 
objects for which the forest is maintained may be as fully as 
possible realised. And this must be done in an economic 
manner, for extraraganee has m place in forestry. 

Eemembering now what has been said, it will easily be 
understood that a forest working plan must be based on the 
principles of silviculture ; it must not contravene them. To 
do justice to this task, the plan must be based upon:— 

(1.) an exact and detailed examination of the actual state 
of the forest in all its component parts ; 

(2.) the forest must be divided into divisions of workable 
size; 

(8.) the leading principles of management must be indicated, 
and the yield calculated ; 

(4.) arrangements must be made for the control of the 
execution of the plan and the record of all works which 
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have been executed, so that every succeeding plan may 
be more accurate; 

(6.) the whole material must then be brought together in a 
working plan report. ^ 

Until comparatively recent times, it was the fashion to 
commence by dealing with forests of some extent as a whole, 
fixing the yield, and then determining where and when it was 
to be obtained. Of late years, however, the procedure has 
been reversed. First of all, the requirements of each part of 
the forest, or each wood, are determined, and the results are 
added up, thus giving the measures and works to be executed 
in the forest as a whole. If each part is brouglit into a 
healthy condition, the whole must be the same. 

As the objects in view differ, it is impossible to lay down a 
general rule for the preparation of a working plan. For 
forests of great value yielding a high revenue, detailed plans 
are required; under the reverse conditions, simple plans 
sufiBee. By way of illustration the following arrangement is 
given, but it must be understood that it may be too detailed 
in some eases, while further details may be required in others. 

Working Plan Report. 

Inteodootion. 

Chaptee I.—General Description. 

1. Name and situation of forest; name of proprietor. 

2. Boundaries. 

3. Area. 

4. Configuration of the ground. 

6. Book and general character of the soil. 

6. Climate. 

7. Legal position of forest, rights and privileges. 

8. Surrounding population and its requirements. 

9. Markets, lines of export. 

10. Prices of the several classes of produce. 

11. Cost of extraction and transport to markets; supply of 



INTEODUCTOBY. 


248 


12. General description of forest growth. 

13. Injuries to which the crop is exposed. 

14. Rate of growth. 

16. yield tables, volume tables, form factors, reducing 
co-efficients, etc., used in the calculation of the volume 
and increment of the woods. 

16. Organisation and strength of the forest staff. 

Chaptisb II. —Detailed Desceiption op Compartments. 

Chapter ITT. —Division and Allotment of Areas. 

Chapter IV.— Description op the Method op Treatment. 

1. The objects of management. 

2. Choice of species. 

3. Choice of silvicultural system. 

4. Determination of the rotation. 

5. General liue.s of treatment. 

6. Determination and regulation of the yield. 

Chapter V. —Special Workinq Flans. 

1. Flans of utilisation. 

a. Pinal cuttings. 
h. Intermediate cuttings, 
c. Minor produce. 

2. Plan of formation. 

3. Plan of other works. 

4. Maps illustrating the condition of the forest and the 
proposed treatment. 

Chapter VI. —Miscellaneous. 

1. Reorganisation of the forest staff. 

2. Financial forecast. 

3. Proposals for the control of the execution of the working 
plan. 

4. Miscellaneous observations. 

R 2 



2*4 PHEPARATION OP WOBKING PLANS. 

In diBCussing the several headings of the working plan 
report it will be convenient to arrange the remarks into the 
following chapters:— 

Chapter L—Examination of the Forest, or Collection op 
Statistics. 

„ II.— Division and Allotment of the Area. 

„ III.— Determination of the Method op Treatment 

AND General Lines op Management. 

„ IV.— Determination of the Yield. 

,, V.— Control op Execution and Renewal of 

Working Plans. 

The subjects coming under L, II., and III. are not easy to 
separate, because these chapters overlap to some extent. In 
practice, they are dealt with simultaneously, more especially 
Chapters I. and II., but in dealing with them here they must 
be taken one after the other. It is not possible to put the 
statistics together in proper order without having divided the 
forest into a number of working units; nor is it possible to 
divide and allot the area to its several uses without having 
previously ascertained what each part of the forest contains. 
Again, the division and allotment of areas cannot be finally 
arranged until the method of treatment and the general lines 
of management have been provisionally laid down. It is for 
this reason that the division and allotment have been placed 
between the collection of statistics and the determination of 
the method of treatment. 

The preparation of the special plans enumerated in 
Chapter V. of the Working Plan Report differs so much 
according to local conditions that no general patterns can be 
given. Some examples will be found in Appendices IV. 
and V. 

At one time it was the practice to prepare working plans of 
high forests for long periods of time, even as much as a whole 
rotation. Such a procedure is to be strongly deprecated, 
because the conditions which govern the working of a forest 
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change from time to time. Although the general lines of 
action must be determined for some time ahead so as to 
secure continuity of action, the detailed prescriptions for the 
management should be laid down only for a short period, say 
10 or perhaps 20 years. This is especially desirable where a 
working plan is prepared for the first time, and where the 
data.,upon which it is based are as yet incomplete. It is desir¬ 
able' in such cases, to revise the existing arrangements in the 
light of the experience gained during the actual working of 
the forest for a limited period. 
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COLLECTION OF STATISTICS. 

The collection of statistics is of the first importance, because 
the whole fabric of the working plan rests upon the data which 
have been collected as regards the actual state of the forest, 
and the notes on the treatment which should be applied to 
each part. The statistics to be collected must refer, on the one 
hand, to each wood which forms part of the forest, and, on the 
other hand, to the general conditions in and around the forest 
as a whole which are likely to influence the management. 

The data to be collected may, therefore,, be arranged under 
the following heads:— 

I. Survey and determination of areas. 

II. Description of each wood or compartment. 

III. Past yields, receipts, and expenses. 

IV. General conditions in and around the forest. 

V. The statistical report. 

The data under II. must be collected separately for each 
unit of working or compartment; those under III. may be 
given for each compartment, or each working section, or for 
the whole forest, according to circumstances. 

SECTION I—SURVEY AND DETERMINATION OP AREAS. 

The survey yields the necessary data from which maps can 
be prepared and the area of the whole forest, as well as of its 
several divisions, ascertained. It is not intended to describe 
here the various methods of surveying, as this work must be 
done by professional surveyors; the following remarks refer 
only to those points in which the forester must participate. 
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Before the survey is commenced, vftrious preliminary matters 
must be attended to, such as:— 

(1.) Regulation and demarcation of the boundaries of the 
forest, and of those parts which are subject to 
servitudes. 

(2.) Demarcation of all areas which are not destined for the 
production of wood, such as fields, meadows, pastures, 
swamps, rocky parts, and other areas unfit for growing 
woods. 

(3.) The laying out of a suitable system of roads and rides, 
in so far as it can be done without a map, or with the 
help of a sketch map. What cannot be done in this 
respect before the commencement of the survey, should, 
if possible, be done during its progress, that is to say, 
as soon as the necessary data become available. If 
any part cannot be done until a map becomes available, 
an additional survey will be necessary. 

(4.) Demarcation of the boundaries between woods of 
different species, ages, or qualities. The latter is 
necessary only in valuable forests. 

The method of survey depends on the value of the forest as 
represented by its returns; the higher the latter, the more 
minute should be the survey. Generally speaking, all main 
lines, such as the boundaries of the property and of the areas 
subject to servitudes, the roads and principal rides, should be 
surveyed with the theodolite and chain or measuring staff. 
The details, such as the limits of woods and of sub-compart¬ 
ments, may be done vrith the plane table or prismatic compass. 

The area of the whole forest and its main parts should be 
ascertained by the method of co-ordinates ; the area of the 
compartments or woods may be ascertained with the plani- 
meter, or a network of squares each of which represents 
a fixed area. 

Whenever practical, the survey should be based upon a 
previous triangulation. 

The preparation of the maps will be dealt with in the last 
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section of this chapter. Frequently, general maps of the area 
are already available. If they are on a sufficiently large scale 
and reliable, only the additional details required for the 
management of the forest need be added. 

SECTION II.-DESCEIPTION OF EACH WOOD OR 
COMPARTMENT. 

The description of each wood, compartment, or other unit 
of working is of the first importance, because it gives informa¬ 
tion on which depends the whole management, viz.:— 

(1.) The selection of species to be grown in the future. 

(2.) The method of treatment of each wood, and the deter¬ 
mination of the rotation. 

(3.) The degree of ripeness of each wood. 

(4.) The yield capacity of each wood and of the whole 
forest. 

The minuteness of the investigation depends on the value 
of the forest and the intensity of management. Where these 
are high, a detailed examination and record are called for; 
where the returns are likely to be small, or where the demand 
is considerably below the possible yield, a summary procedure 
may be indicated. The forester must in each case determine 
the actual procedure which he considers to be in keeping with 
the interests of the owner of the forest. 

1. The Locality. 

By locality is understood the soil (and subsoil) and the 
climate, the latter depending on the situation. The agencies 
which are at work in the soil and the overlying air determine 
the yield capacity or qmlity of the locality. 

The details regarding locality in relation to forest vegetation 
have been given in the fourth edition* of Volume II. of this 
Manual, pages 7—53. From what has there been said, it will 

• All references to Volume II. are m«wit for the fourth edition of that 
Yolume. 
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easily be understood that a description of the soil and climate 
must form part of the basis upon which a working plan 
rests. 

In describing the climate and soil, the following points 
deserve attention:— 

a. Climate. 

(1.) The geographical position of the locality, as indicated 
by latitude and in many cases also longitude, espe¬ 
cially whore the vicinity of the sea, large lakes, or high 
mountains are likely to influence the climate. 

(2.) The local peculiarities of the locality, such as altitude, 
aspect, slope, temperature, moisture in the air, rainfall, 
exposure to strong, cold, or dry winds, susceptibility to 
late or early frosts, etc. 

(3.) The surroundings of the locality, in so far as they are 
likely to affect the local climate. 

b. Soil. 

(1.) The underlying rock. 

(2.) The mineral composition of the soil. 

(3.) The organic admixtures of the soil. 

(4.) The depth of the soil. 

(5.) The degree of porosity. 

(6.) The degree of moisture. 

(7.) The surface covering of the soil. 

In forests situated on level ground, the above data may be 
the same over a considerable portion or the whole of the area, 
but in the hills they have frequently to be determined for each 
compartment, or even portions of one compartment, especially 
if it shows considerable differences of altitude, aspect, or slope. 

All these factors combined produce a certain quality or 
yield capacity of the locality. How this is determined has 
been explained in Volume II., page 47, and in Forest 
Mensuration. Some further remarks on the subject will be 
found in the last part of this section. 
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2. The Geowing Stock. 

The growing wood, or the crop produced on an area, repre¬ 
sents the results of the activity of the locality under a certain 
treatment. All points which have influenced the quantity and 
quality of the results must be ascertained, to enable the 
forester to judge of the merits of the treatment hitherto 
followed and the advisability or otherwise of any changes 
in it. 


a. Method of Treatment, or SilvicvUvral System. 

The different methods of treatment have been described in 
Volume II., pages 92—117. At this stage, the forester must 
ascertain the system under which the wood has actually been 
managed in the past. 

h. Species. 

Pure woods are indicated by giving the species. In the case 
of mixed woods, the degree of mixture must also be given : 
this can be done, either by adjectives, such as “ some,” “ a 
few,” or, preferably, by decimals, placing the whole as 1. 
These decimals should have reference to the area occupied by 
each species. 

Kmmph .—The following description— 

Beech = '5 Oak = ‘3 

Ash = -2 Maple = a few, 

would mean that b of the area is occupied by beech, '3 by oak, and -2 by 
ash, with a lew maples. 

In the case of very valuable trees, such as old oaks, or teak 
trees in Burma, it may be desirable to give their actual 
number. The manner of admixture is expressed as “in 
single trees,” “in groups,” “in strips,” or “irregularly 
distributed.” 

It is also necessary to state, whether the mixture is 
permanent or temporary, whether it is of special silvicultural 
or financial importance, such as a shelter wood (or nurses) 
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over another tender species, a soil protection wood, standards 
of valuable species, etc. 

The undergrowth, shrubs, herbs, etc., should also be 
described. 

c. Dendty of the Growing Stock. 

To every method of treatment, as determined by the objects 
of management, corresponds a normal density of the growing 
stock. The degree of density may be defined as over-crowded, 
crowded, open, very open, interrupted, irregular, etc. Such 
terms are indefinite and subject to different interpretations. 
It is better to place the normal density as equal to 1, and 
express the actual stocking in decimals of it. The degree of 
density can be determined by ocular estimate, or, more 
accurately, by comparing the basal area of the stems with 
that of a normally stocked wood, or still more accurately, 
by comparing the volume of the wood with that of a fully 
stocked wood of the same age. When the density of stocking 
is insufficient, it should be stated whether the wood is 
generally open, or whether the deficiency is due to greater 
or smaller blanks. 

By a blank is understood an area which, though it belongs 
to the wood-producing area, has no trees on it or so lew that 
its complete re-stocking is necessary. Areas which are not 
destined lor the production of trees are not included here, as 
they form part of the areas set aside for other purposes, such 
as fields, meadows, etc., or are altogether unfit for the produc¬ 
tion of trees, such as bare rocks, boulder drifts, swampy ground 
which cannot be drained, etc. As regards the latter, it is not 
always easy to draw the line between actual blanks and wood¬ 
land, as they frequently have a thin stocking which may give 
a small return from time to time. 

d. Age. 

The methods of determining the age of trees and woods 
have been given in Forest Mensuration. 
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An absolutely accurate determination of the age is neces¬ 
sary only when the data are required for the preparation of 
yield tables or other statistical puriwses. Fairly approximate 
data suffice for the purposes of working plans. 

In the case of even-aged or nearly even-aged woods, one or 
more sample trees are examined. If considerable differences 
of age exist in a wood, the limits should he given and the 
wood placed into that age class to which it belongs according 
to its economic character. If some older or younger groups 
exist which are not of sufficient extent to he enumerated as 
separate woods, this should he mentioned. The same holds 
good for a limited number of standards which are to he held 
over for a second rotation, or for young growth which has 
sprung up in an old wood. 

In the case of woods which have been kept hack in their 
development, the economic and not the actual age must be 
given. For instance, a young wood which has stood under 
heavy shelter and is now 80 years old, hut of a development 
which is ordinarily reached in 10 years, must be entered as 
10 years and not as 30 years old. 

In the regeneration class, the ages of the overwood and 
underwood must be given separately. 

In selection forests, it suffices to give the limits of the age 
gradations which are frequently determined by the number of 
years during which cuttings go once round the forest. 

In coppice with standards, the ages of the overwood and 
underwood are given separately; for the former, the limits of 
the existing gradations are given. 

The age of coppice can generally be easily ascertained from 
the time when the last cutting occurred. 

e. Oiigin and Past Treatment. 

Whenever the necessary data can be ascertained, a short 
history of each wood should be prepared, giving the method 
of formation, whether by natural or artificial means, planting 
or sowing, the manner in which the wood has been tended, 
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cleanings, thinnings, pruning, natural phenomena which have 
affected the development, etc. Such a history is very useful 
in judging the results of the past method of treatment and in 
determining the future treatment. 

/. lolmiie. 

All methods of determining the yield in material require a 
measurement of the volume, hut to a different extent. For 
some, it is necessary to measure all woods excepting only those 
which are very young and which are estimated, either direct, 
or with the assistance of yield tables. For other methods, 
only those woods require to be measured which will come 
under the axe during the immediate future of, say, 10 to 20 
years. 

Where a fine financial management is follow'ed, all woods 
which are close to ripeness, or of which the ripeness is 
doubtful, must be accurately measured, so as to calculate the 
per cent, with which the capital is working. 

For the determination of the capital value, an accurate 
measurement of the volume is indispensable. 

The volume should be given separately for the different 
species, if their value per unit of measurement differs con¬ 
siderably. It is useful to give all volumes in the same 
measure, as solid cubic feet. The proportion between the 
different classes of produce need only be given for each work¬ 
ing section; best according to local proportionate figures, if 
such are available. 

The different methods according to which the volume can 
be measured have been described in Forest Mensuration. 
The choice of the method of measurement depends on the 
circumstances of each case. 

g. Increment, Capital Value, and Forest Per Cent. 

These matters have already been dealt with in full detail. 

The determination of the quantity increment is required 
for the calculation of the yield. It must be done for all 
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woods, if the increment forms the principal basis for the 
determination of the yield. In that case, both normal and 
real increment must be ascertained. When the yield is fixed 
for only a limited period, the current increment must be 
ascertained for that number of years, or the mean annual 
increment of the past is substituted for it. 

For financial questions, the volume-, quality-, and price- 
increment must be determined, as well as the capital invested 
in the forest, so as to calculate the indicating or forest per 
cent. The latter is necessary only for woods the financial 
ripeness of which is doubtful, that is to say, for woods which 
are approaching the normal final age, and woods which have 
suffered by injurious agencies, such as wind, snow, fire, 
insects, game, etc. 


3. Deteemikaiion of the Quaijty of each Wood. 
a. General. 

It has already been explained that by the quality of a wood 
or compartment is understood its yield capacity, as expressed 
by the quantity of produce which can be derived from it. 

The yield capacity depends in the first place on the 
locality; but injurious influences may have interfered with 
the full development of the producing factors of the locality, 
so that abnormal conditions may be the consequence. The 
forester distinguishes, therefore, between normal and aimmiml 
quality. The quality is normal, if no exceptional injurious 
influences or faulty treatment have affected the development 
of the wood. 

A further distinction must be made between the quality of 
the “ locality ” and of the “ growing wood ” or standing crop. 
Either of the two can be normal or abnormal. The quality of 
the locality may be abnormal in consequence of a variety of 
causes, such as the long-continued removal of litter, or 
excessive exposure to the effects of sun and air currents which 
have impoverished the soil; or in consequence of unfavourable 
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natural phenomena; for inetance, if the ground has become 
swampy, temporarily denuded, or covered with moving sand. 
An abnormal condition of the growing wood may be produced 
by faulty treatment, by injurious external agencies, such as 
drought, frost, wind, fire, insects, diseases of the trees, cattle 
grazing, etc. 

For the preparation of working plans, only the actually 
existing, or real, quality of the locality should be taken into 
account, because the restoration of the normal quality is 
generally a slow process, if it is at all practicable. As regards 
the growing stock, both values are required, because its 
normal quality represents the real quality of the locality, and 
the real quality of the growing stock forms the basis for the 
calculation of the yield which the forest can give in the 
immediate future. 

On pages 47-48 of Volume II. it has been said that the 
quality of the locality can be ascertained— 

(1.) By an assessment according to the several factors of 
the locality; or 

(2.) By an assessment according to a crop of trees produced 
on the area in question, or on a similar soil in the 
vicinity. 

It has also been stated that the first of these two methods, 
however carefully carried out, is always subject to grave 
errors, because an examination of the chemical composition, 
the physical properties of the soil, and a determination of 
the climate, do not indicate the yield capacity of the locahty 
for forestry with any degree of certainty; hence, it should be 
used only as an auxiliary of the second method, or when the 
latter is not available. 

Thus, it will be seen that the determination of the quality 
of the locality depends practically on an examination of the 
wood which it has produced. In fact, a normal growing stock 
is the true expression for the real quality of the locality; the 
same investigation gives both the quality of the locality and 
of the existing crop. 
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For the purpose of obtaining an actual figure which repre¬ 
sents the quality, the best way is to ascertain the volume of 
the growing stock, including all thinnings, and the number of 
years in which it has been produced. In dividing the pro¬ 
duced volume by the age of the wood, the mean annual 
increment is obtained which indicates the quality. 

It is evident that in reality a multitude of different qualities 
exist, but for practical work they are grouped into a few, 
generally not more than five, qiMlity classes which are 
numbered I. to V. Of these I. should represent the lowest 
and V. the best quality, but unfortunately the reverse 
numbering has been largely introduced. A still more con¬ 
venient way is to represent the best quality by 1 and the 
others in decimals of 1. Each of these quality classes 
represents a distinct yield capacity which differs with the 
species and method of treatment. 

The quality can be determined with the help of yield tables 
which represent the progress of volume, or increment, 
throughout life for each quality class; hence, assessing the 
quality means, in this case, the selection of the proper yield 
table. The difficulty is that for every species and silvicultural 
system a different set of yield tables is required. It may even 
be desirable to have different sets for different localities, so- 
called local yield tables; but such a procedure is likely to lead 
to confusion, as different standards of the quality classes are 
introduced into the account. Hence, general yield tables are 
to be preferred, even if the same degree of accuracy is not 
obtained as in the case of local tables. The difference is, how¬ 
ever, not considerable, as experience has shown that, within 
reasonable limits, general tables give sufficiently accurate data 
for the preparation of working plans. It has, for instance, 
teen proved that the general yield tables for the Scotch pine 
prepared for North Germany may safely be used for fairly 
crowded woods grown in the south of England. The fact is 
that the sources of inaccuracy, unavoidable in the best methods 
of measuring the volume of a standing crop, are greater than 
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those caused by using general yield tables for any partiowlar 
locality. 

Detailed yield tables for oak, beech, Scotch pine, spruce, and 
silver fir, and summary tables for larch, alder, and birch will 
be found in Appendix III. In these tables only three quality 
classes have been distinguished, I. representing the best. III. 
the least favourable, and II. the average, or middling, quality. 
The great want in Britain are detailed yield tables for the 
larch. 

The quality of young woods cannot be judged by their 
volume, since the factors of the locality may not yet have 
found full expression in it; here, the quality must be estimated 
by the general condition of the crop and especially its height 
growth. Indeed, the latter may be used oven in older woods 
especially as long as it has not ceased. 

The determination of the quality from yield tables, in the 
case of clear cutting in high forest and in coppice, is a simple 
matter, as previously shown. The regeneration area under 
the shelter-wood system gives some trouble, because it is no 
longer fully stocked, so that the volume does not rejn’esent 
the quality ; here, the determination must be based upon an 
investigation of the quality of the locality combined with the 
condition of the shelter-wood and young growth, especially 
the height growth. A similar procedure is followed in the 
case of coppice with standards and in selection forests. The 
quality of blanks is estimated from the soil and climate, or 
from that of adjoining woods which have been produced on 
soil of a similar description. 

h. Beduetion to One Quality. 

Several methods of regulating the yield demand a reduction 
of the several woods, or workmg sections, to one quality class. 
Such a reduction may be made as regards the locality, or the 
growing wood; in each case as regards the normal or real 
quality. The method of procedure is the same in all cases. 

The reduction is made by means of the final mean annual 
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^ increment, or yield. It can be made under one of tbe two 
following conditions :—Either the total of the several reduced 
areas shall he equal to the actual area of the working section; 
in other words, the reduction is made to the mean quality 
of the area; or the above equality is not required, in which 
case any quality can he used as the standard, frequently that 
being chosen which exists over the greater part of the area. 

Cakulaiion with the Mean Quality. —By mean quality is 
understood that which, if it existed throughout the working 
section, would produce the same total yield as that produced 
by the several existing qualities in different parts of the 
working section. 

Let oi, 02 , (ig • • ■ he the several areas, 

>. ?/i, y% ?/8 • • • the corresponding annual yields, or 
increment, per unit of area, 

,, r.the mean yield per unit of area, then 

X 2/l + <*2 X ?/2 + «8 X ?/3 + . . . =rtlF-l-fl2l + ogl + • • • 

= 1 (oi + «2 + Og. • ■)> 
and 

Y _ Ih + dilh + 03 Va + . . . _ total annual yield 
~ oj 02 + flg + ... ~ total area 
Fxamjile :— 

A working section of 100 acres contains— 

Block (1) 20 acres with GO cubic feet average increment, 

„ (2)10 „ „ .“iO 

(3)20 „ „ 40 „ 

„ (4) 50 „ „ 30 „ „ „ then— 

Mean quality 

r = 20 X 60 + 10 X so £» = 40 cubic feet. 

By reduced area is now understood that which would 
produce, with a uniform quality = Y, the same total yield as 
the actually existing areas with their varying qualities. The 
reduced area of each block is obtained by applying, in each 
case, the inverse proportion of that which exists between the 
actual and the mean quality; 

Y: y = a ; a! and reduced area a' = 
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those caused by using general yield tables for any partiowlar 
locality. 

Detailed yield tables for oak, beech, Scotch pine, spruce, and 
silver fir, and summary tables for larch, alder, and birch will 
be found in Appendix III. In these tables only three quality 
classes have been distinguished, I. representing the best. III. 
the least favourable, and II. the average, or middling, quality. 
The great want in Britain are detailed yield tables for the 
larch. 

The quality of young woods cannot be judged by their 
volume, since the factors of the locality may not yet have 
found full expression in it; here, the quality must be estimated 
by the general condition of the crop and especially its height 
growth. Indeed, the latter may be used oven in older woods 
especially as long as it has not ceased. 

The determination of the quality from yield tables, in the 
case of clear cutting in high forest and in coppice, is a simple 
matter, as previously shown. The regeneration area under 
the shelter-wood system gives some trouble, because it is no 
longer fully stocked, so that the volume does not rejn’esent 
the quality ; here, the determination must be based upon an 
investigation of the quality of the locality combined with the 
condition of the shelter-wood and young growth, especially 
the height growth. A similar procedure is followed in the 
case of coppice with standards and in selection forests. The 
quality of blanks is estimated from the soil and climate, or 
from that of adjoining woods which have been produced on 
soil of a similar description. 

h. Beduetion to One Quality. 

Several methods of regulating the yield demand a reduction 
of the several woods, or workmg sections, to one quality class. 
Such a reduction may be made as regards the locality, or the 
growing wood; in each case as regards the normal or real 
quality. The method of procedure is the same in all cases. 

The reduction is made by means of the final mean annual 
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Calcidation with any Suitable Quality .—In this case any 
quality can be used, whether it exists on the area or not. 

The total reduced area is obtained by multiplying the 
several qualities by the corresponding areas and dividing the 
product by the selected standard quality. It may be greater, 
equal, or smaller than the actual area, according to the size 
of the standard quality:— 

Reduced A = 

The reduced areas of the several parts are obtained by the 
inverse proportion of their qualities to the standard quality; 
thus:— 

Reduced a'l = -’-p—, 

Reduced a'l = 
etc. 


Exmnplc, as oloue.—Let tlio standard quality = 50 cubic feet, then total 
reduced area = 


20 X 00 + 10 X 50 + 20 X 40 + 50 X 30 


50 


: 80 acres, 


and the reduced area of;— 


20 X GO 

Block (1) —1-— = 24 acres. 
' 50 




50 


10 


Total = 80 acres. 

80 


Eeducod area of annual coupe = ^ — 6 acres 

and the size of coupes in the several blocks:— 

,,, 50 X 8 

(1) Xi = ——— = G'Goi 


{2)x = 


60 

50 X 8 
50 


8 ’ 




4. Notes Eegabdino Fbtuee Tkeatjient. 

Wliile drawing up a description of each wood, it is very 
desirable to note down any observations which may strike the 
forester regarding the future treatment. Such notes are, of 
course, only of a preliminary nature, because a final decision 
on the future treatment to be followed can be arrived at only 
after the management of the whole forest, or working section, 
has been laid down. Nevertheless, they are a great help 
during the progress of the work. 

It is not possible to give a complete list of the points which 
should be attended to, as they differ according to circum¬ 
stances ; the following may, however, be enumerated :— 

(a.) Filling up the existing wood; if so, the area to be treated 
and the species to be grown should be given ; also the 
method of sowing, planting, or other cultural operations. 
(6.) Cleanings, thinnings, or prunings during the period for 
which the working plan is prepared; the volume to be 
removed should be estimated. 

(c.) Degree of ripeness of the principal or final crop, taking 
into consideration the objects of management; if the 
latter are financial, the indicating per cent, should bo 
calculated. If it appears advisable that final cuttings 
should be made, the method of cutting should be given, 
as well as an estimate of the volume to be removed. 
(d.) Method of regeneration to be followed and the species 
to be grown, if this should occur during the period for 
which the working plan is prepared. 

(«.) Measures to be taken for the protection of the wood 
against threatening dangers, especially fire. 
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(/.) Other works to be undertaken, such as construction of 
roads, draining, irrigation, etc. 

(g.) Utilisation of enclosures and improvement of boundaries 
where practicable. 

(h.) Proposals regarding the formation of sub-compartments, 
or the abolishment of those which exist, with reasons 
for such proposals. 


SECTION m.-PAST YIELDS, RECEIPTS. AND EXPENSES. 

There is no surer basis in estimating future returns than 
those of the past; hence, it is of importance to ascertain and 
note down the yield in material, the cash receipts, and costs 
for as many years as the available data admit. These data 
will, however, only be forthcoming if records have been kept 
for some time past. 

As far as may be practicable, past yields, receipts, and costs 
should be given for each unit of working, that is to say each 
wood or compartment. If the records have not been kept in 
sufficient detail, the data for each working section should be 
given; the latter may also be quite sufficient where the 
management is as yet in a backward condition, or where the 
receipts are small. 

The following notes indicate the class of information which 
may be required;— 

1. Yield of Wood, ob Majoe Pboduce. 

The yield should be given separately— 

(a.) For the principal species. 

(i.) For the different classes of timber and firewood, 
according to size or value. 

(c.) For final and intermediate returns. 

(d.) Of cash receipts should be given the total, and the 
average price of the several classes of material, 
separated according to species. 
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(e.) The areas over which cuttings extended should, if . 
possible, also be given separately for final and inter¬ 
mediate cuttings. 


2. Minor Produce. 

Under this heading, the ciuantity of each article of minor 
produce which has been removed, and the cash receipts 
obtained for it should be given. 

Receipts derived from areas not used for the production 
of wood, such as fields, meadows, etc., should be separately 
recorded. 

3. Expenses. 

Those should bo recorded separately for— 

(a.) Cost of administration and protection. 

{}>.) Taxes, rates, etc. 

(c.) Formation of woods.’ 

(</.) Tending and amelioration. 

(c.) Maintenance of boundaries. 

( f.) Construction of roads, drainage, irrigation, and other 
works. 

(y.) Cost of harvesting, separated according to major and 
minor produce. 


4. Gbneralw. 

Forforests worked on financial lines, therecoipts and expenses 
should be so arranged that it is possible to ascertain— 

(a.) The current forest per cent, of each wood whenever 
desirable. 

(6.) The forest rental, being the difference between all 
receipts and expenses. It is used to determine the 
percentage which the forest capital has yielded. 

(c.) The capital value of the forest, being the sum of the 
value of the soil plus value of the growing stock. For 
the preparation of working plans based upon financial 
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principles, these values may be ascertained as follows: 
the data of receipts and costs of the several woods 
will enable the forester to calculate a series of 
expectation values of the soil for the different qualities 
of locality; besides, all available data referring to actual 
sales of land, similar to the forest lands in question, 
should be carefully noted. By combining these data 
it will be possible to determine the value of the soil 
with sufficient accuracy for the purpose of working plans. 
The capital value of the growing stock is then deter¬ 
mined as the cost value, calculated with the value of 
the soil as determined above, or as the utilisation value 
in the case of woods which are near maturity. 

SECTION rV.-GENEEAL CONDITIONS IN AND ABOUND 
THE POEEST. 

The management of a forest depends not only on the state 
of its several parts, but also on the general conditions which 
exist in and around it. The latter must, therefore, bo ascer¬ 
tained at this early stage, and they should bo used for a 
general description of the forest to be incorporated into tbe 
working plan report. 

The field of inquiry here indicated is of considerable extent; 
the following matters may be mentioned 

(1.) Name and situation of forest, giving the latitude and 
longitude where necessary. 

(2.) Description of boundaries and names of the adjoining 
properties and their owners. 

(3.) Topographical features of the locality. 

(t.) General description of the geology, soil, and climate. 

(5.) Former and present proprietors; financial position 
of the latter; whether the funds for formation, 
tending, administration, amelioration, etc., are avail¬ 
able ; whether specially heavy cuttings must be made 
to meet the demands of the proprietor. 

tfi.t Nature of nronrietorshin : whether full and unfettered 
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property, or whether servitudes and privileges rest on 
it; in the latter case their extent should be recorded. 
(7.) Eights enjoyed by the proprietor of the forest elsewhere, 
such as rights of way or floating, or rights over other 
lands, etc. 

(8.) Kequirements of the surrounding population and con¬ 
dition of the market for forest produce generally; 
special industries in the vicinity which require forest 
produce, such as mines, smelting works, saw mills ; 
imports which compete with the local supply; sub¬ 
stitutes for wood available in the vicinity. 

(9.) Extent of forest offences; their causes; effect upon the 
forest; suggestions for their prevention. 

(10.) Labour available in the vicinity ; rate of wages. 

(11.) Past system of management; changes introduced from 
time to time; prescriptions of former working plans 
and their effect upon the forest. 

(12.) Natural phenomena which have affected the condition 
of the forest, such as storms, snow, frost, fire, insects, 
fungi, etc. 

(13.) Conditions of game and cattle grazing; their effect 
upon the forest. 

(11.) Past seed years of the more important species. 

(16.) Opportunities for consolidating the property, either by 
exchange or purchase ; conversion of fields, meadows, 
etc., into forest, or the reverse. 

(16.) The staff of the forest, its organisation and efficiency. 

SECTION V.-THE STATISTICAL REPORT. 

The data which have been collected in the manner indicated 
in the previous four sections must be brought together in a 
statistical report, accompanied by maps to illustrate it. The 
form of this report depends entirely on the circumstances of 
each case. In one instance, it will be necessary to go into 
minute details, in another, a more summary treatment is 
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indicated. The following documents will ordinarily form 
part of the report:— 

1. Eegistbb of Boundaries. 

This should give— 

(a.) The boundary marks in consecutive numbers. 

(h.) The angles backwards and forwards at each point. 

(c.) The horizontal distance between every two boundary 
marks. 

(d.) The nature of the boundary line, whether a road, water¬ 
course, waterparting, ditch, cleared line, etc. 

(c.) The names of adjoining properties and of their owners. 
The value of the register of boundaiies is considerably 
enhanced, if its correctness has been acknowledged by the 
adjoining owners before the proper court of law. 


nESClill'TION OP 


Locality. 

Auka, 

IK Acues. 




Working 
Section of 
Ulock. 

Com* 

pait* 

inoiit. 

Sub. 

com* 

part- 

me»t. 

stocked 

Blank 

ToUl 

Boundaries. 

JiOfabty, 


Casar’s 

Camp 

I 

a 

24 

2 

2l! 

North E<ut: 
SirA.Hayter’s 
land. 

Soidh: Com- 
l»artmcnts 1.3 
and 12. 

Went: Roman 
road. 

Elcrafinn: 420 feet 
above 8ca-level, slop¬ 
ing towards tire east 
with nioilerate gra¬ 
dient, down to 380 
feet. 

(ieohujlcal Forma- 
turn: Middle Ragshot 
sands. 

SoU : Loamy sand, 
fairly good in upper 
part of compartment, 
and good in lower 
part; no pan to 4 feet 
depth. 
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2. Table of Areas. 

The following form of this table is given as an illustration; 
it serves as a summary of all areas, and shows how each part 
is utilised:— 


Locality. 

Grainl 

Total. 

In 

Aci^ss. 

Area usftd 
for tho 
I’l'oiUu** 
tllll) of 
■ Wood. 

Ill Acr<‘.s. 

Arka 

NOT USED KOB THE I*BOT>lICTION 

OF Wood. Ik Acres. 

Wiirltmg 
Soctton or 
Block. 

C<im- 

]mrt- 

IlK'Tlt. 

Sulv 

COfll- 

iiifiiit. 

Ronds 

atiil 

Hides. 

Fields. 

Meadow.s. 

Water, 

etc. 

Total. 

Cicsiir’s 

Caiiii). 

1 

a 

2 'J -2 

20 

•4 

2-2 

_ 

•6 

;j -2 



Etc. 









Compartments. 


Gkowino Stock. 

Ql AI.ITY OF 

Remarks, and Notes 
ivgnixlnig Future 
Treatment. 

Silvicul¬ 

tural 

Hysbi’m. 

SlMJCICK. 

Age, 

in 

Years. 

Moan 

Height 

in 

Feet. 

Volume 
in Holxl 
CuUic 
Feet. 

Lo¬ 

cality. 

Growing 

Stock. 

High 
Fore fit 

Oak = *4 

Ohest- 
nut= *2 

Beech 
= •1 

Scotch 
pi lie = *3 

70 

Oak, 
Clicst- 
iiut & 
Beech 
= 54 

Scotch 
pine 
= 00 


IT. 

(or 

mill- 

dling) 

•8 

Tho mixture of species 
is uneven ; the Scotch 
pine is chiefly found in 
.the northern part and 
the broad-leaved td-ees 
in the South ; the nor¬ 
thern part is well- 
stocked, the southeni 
part is open ; most of 
the oaks and chest nuts 
are frost-cracked. 

Future Treat mvut: 
The southern partis so 
incicnieut-j>oor that it 
should bo cut over 
during the next ten 
years, leaving 1 he best 
(rnks and chestnuts 
underplanted with 
Ixicch. I n the north¬ 
ern part only dead or 
dying trees should be 
removed during the 
next ten years. 
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3. Dbsomption op Compaiitments. 

This description may be drawn up in a tabular form, or 
otherwise; the former is preferable, as it presents a more 
intelligible picture of the forest, and gives greater security 
that nothing has been overlooked. It is quite impossible to 
recommend any particular form for this table, but by way of 
illustration the appended form is given. (See pages 266,267.) 

In this table, the quality of locality indicates that which 
corresponds to the normal quality of the growing stock. The 
real quality of the growing stock is given in decimals, the 
normal quality being placed equal to 1. 

If the forest is worked on financial principles, further 
columns must be added for the quantity and quality increment, 
wherewith to calculate the forest per cent. 


4. Table op Qualities of Locality. 


Locality. 

Total 

Arnt:. 

Acim 

yiJALITV Cl-AKHES OF LfK.ALITY. 

Arra ill Acnu 

Hilvictillnral 
iSvsIi'iii hikI 
fSliwies. 

Working 

fiectiou. 

Com. 

lart* 

IllCIlt. 

aiih- 

com- 

intml. 

I. 

Lfsl. 

II. 

Middling. 

III. 

liOWFSt. 

Cittsar’s 







llif^h forest <if 

(’amp 


ft 

2tt 


2('. 


Scotch pine 


1 

h 

14 



14 

with some 


2 


38 


32 

6 

broiul-lcavecl 




17 

17 



trees here 


4 


HI 


16 

ir. 

and t.here. 


5 


33 

12 

17 

4 



r> 


31 


25 

6 



7 


27 

7 


20 



Etc. 









Total 

217 

3S 

116 

65 



Whenever the management is of a certain intensity, it is 
useful to prepare this table, as it enables the forester to 
calculate the total yield capacity of the area. In the table, 
each working section must be recorded, separately, as the yield 
capacity depends on the species, silvicultural system, and 
rotation. 
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ABSuming that the yield taUes for f?ootch pine given in Appendix III. 
apply to the woods in question, and that the latter are worked under a 
rotation of 80 years, the nonnal moan production per acre and year will 
he as follows :— 

h’or the I. Quality class = 146 cubic feet, 
n. „ „ = 90 „ 

III. „ „ = 37 

The mean annual iucrement, or the yield capacity, of the area shown 
in the above table would therefore be— 

Yield capacity ^ 36 x 146 -|- 116 X 90 + 65 X 37 = 18,101 cubic feet, 
or average yield capacity jier acre = ^ ^ = 69 cubic feet. 

This figure represents the nonnal yield; the real or actual yield 
depends on the quality ot the growing stock and the ages of the several 
woods. Assuming that the mean quality (density of stocking) of all 
woods were equal to the actual yield would, for the present, be equal to 
18,101 X ’7 = 12,071 cubic foot, 

or 58 cubic feet per acre and year, while incasures would havo to bo taken 
to incie.'ise tho yield capacity in the future by growing more completely 
stocked woods. 


5. Table op Agp. Cl.asses. 

This table is of great importance, as it gives a correct idea 
of the proportion of the different age classes, a matter which 
affects the determination of the 3 ’ield in the immediate 
future. It may be prepared in the following form;— 


Table oe Aue Olasse.s. 


1-<H AI.IIV. 

1 

f j 

Age CiABfiEH, Arra5i in Acues. 

Workiiiy 

Hection. 

Omii* 

nifiit. 

3iib- 

coin- 

part- 

mailt. 

I. 

1-20. 

II, 

‘21-40. 

III. 

41-00. 

IV. 

01-80. 

V. 

OviirSO. 

Ulaiikfl. 

Total. 

Caisar’s 











Canip 

1 

a 

70 




24 


2 

26 


1 

i 

3r. 


14 





14 


2 







32 

C 

38 


3 


54 



17 




17 


4 


hi 

31 






31 


5 


46 



33 




33 


6 




31 





31 


7 


85 





27 


27 




Total... 

31 

45 

50 

24 

59 

8 

217 
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6. Table of Past Yields. ' 

This table should give the past yields in produce for as 
many years as possible, and the mean annual yield calculated 
from these data, as in the example below:— 


Table op Pact Yields. 

Miiiciial cut in Past Ye<ai-8, in solid Cubic Feet. 


Tkar, 

CoNI KKJIS. 

Final. 

Intermediate. 

Total 

Timber 

I'Hre* 

wood. 

Total, 

Timber 

Fne- 

wood. 

Total. 

Timber. 

Fire¬ 

wood. 

Total. 

1881 

7,200 

i,7r,o 

8,950 

4,700 

1,300 

6,000 

11,1)00 

3,050 

14,950 

1HS2 










1800 










Total in 










10 Years 

77,COO 

16,400 

94,000 

36,400 

12,200 

48,600 

114,000 

28,600 

142,600 

Annual 










Average 

7,760 

1,640 

9,400 

3,640 

1,220 

4,860 

11,400 

2,860 

14,260 


Remarks,—T he area set aside for the pro<luction of wood amounted, 
in the beginning of 18sJl, to 217 acies. 

The annual yield was fixed at 15,000 solid cubic feet: or 150,000 for 
the period of 10 years; hence, the average cuttings were below the 
fixed yield by 740 cubic feet annually. 

Similar statements are prepared for the different species, 
or groups of species, and a summary of the whole drawn up. 

Where specially valuable timber has been cut, like oak 
standards, teak, etc., it can be entered separately. 

7. Maps. 

It is most useful to represent on maps the data required 
for the preparation of a working plan, so far as this can be 
done. Such maps give at a glance a clear picture of the 
forest which impresses itself more readily on the mind than 
a lengthy description. As it is not possible to represent 
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everything on one map, it is usual to prepare different sets, 
such as the— 

(a.) Topographical map. 

(b.) Geological map. 

(c.) Soil map. 

((?..) Detailed map on a large scale. 

(e.) Map showing the nature and age of the growing woods, 
called the stock map. 

(/.) Map showing the working sections and cutting series. 
(ff.) Detailed road map. 

(h.) Map showing the qualities of locality. 

There is, however, no need for so many separate maps, as 
several of them can be combined into one. Ordinarily three 
maps suffice, namely :— 

a. llic Geolnffical Map. 

This map should show the geological formation of the 
upper layers, on which the nature of the soil depends. In it 
can also be shown the general topography of the area; the 
limits of the various qualities of locality can be entered by 
lines of a distinguishing colour, the quality being indicated by 
a number. 

h. The Detailed Map. 

The scale of this map depends on circumstances. In India, 
the ordinary scale is 4 inches = 1 mile. In a few cases, maps 
on a scale of 8 inches = 1 mile, and in others of 2 inches = 1 
mile, have been prepared. 

The map should show, amongst other items 
(1.) Name of forest and year of survey. 

(2.) Boundaries, all boundary marks being indicated on the 
map and numbered; boundaries between free property 
and parts subject to servitudes. 

(3.) Names of adjoining properties and their owners. 

(4.) Area, total as well as of the main divisions. 

(5.) Areas not used for the production of wood. 

(6.) Contour lines, or height curves. 
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(7.) The system of roads and rides, watercourses, and other 
natural lines, with their names. ' 

(8.) The boundaries of working sections, blocks, compart¬ 
ments, and sub-compartments, with their names and 
numbers. 

r. The Slock Map. 

This has for its principal object to give a picture of the 
manner in which the area is stocked with wood; a smaller 
scale than 4 inches = 1 mile generally suffices for it. The 
map should contain, apart from the necessary details, a 
representation of the existing species, silvicultural systems, 
and distribution of the age classes. This can be done in a 
variety of ways, as for instance in the following :— 

In high forest the principal species are shown by different 
washes; the age classes by different shades of the same wash, 
the youngest being given the lightest, and the oldest the 
darkest shade; the regeneration class receives some distin¬ 
guishing mark. 

Mixed woods may receive a separate wash, or they may be 
distinguished by the addition of small trees or marks of 
various colours. 

Coppke woods may receive a separate wash, if shown on the 
same sheet. 

Coppice with standards may be distinguished from coppice 
by the addition of miniature trees. 

Selection forest may be indicated by colouring it with the 
wash of the principal species, and indicating other species by 
special marks. 

Blanks remain uncoloured. 

The stock map should be renewed whenever a new working 
plan is prepared; if this is done, it gives, in the course of 
time, an excellent representation of the history of the forest. 

By way of illustration, the appended Pig. 51 is added. It 
illustrates two cutting series, a number of these constituting a 
working section, or a complete .series of age gradations. 



liKrUKSKXl'ATION l)F TWO CrTTIN(i SKlilKS 

(THK lO’l'KIl CdNMSTlXd Ol' Id (.'(IMI'All’Ull'KTS, 'I H K l.dWHt OK .'O 
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CHAPTER II. 

DIVISION AND ALLOTMENT OP THE POBBST 
ABEA. 

1. The Working Circle. 

By a working circle is understood the area which is managed 
under the provisions of one and the same working plan. 

The area of a working circle depends on local conditions. 
It is intimately connected with the general organisation of a 
forest property. Assuming that the unit of administration is 
represented by a Ran^e, or executive charge, a working circle 
may comprise all areas included in one range. Sometimes 
the conditions differ so much that different working plans are 
drawn up for parts of one range, but, as a rule, this should 
be avoided, unless several small properties are comprised in 
one range. This occurs frequently in many European States, 
where Government forest officers manage both State and 
Communal forests. Hence, it may be said that the minimum 
size would be the area of a property belonging to the same 
owner; the maximum will ordinarily be the area forming one 
executive charge or range. 

The division of an extensive property into ranges depends 
chiefly on:— 

(1.) The situation, and 

(2.) The intensity of management. 

In the case of scattered blocks, in hilly country, or where 
means of rapid locomotion are wanting, a range will comprise 
a smaller area than if the property is consolidated, situated on 
level ground, or where railways and other means of locomotion 
enable the range officer to move rapidly from one part of his 
charge to the other. 

F.M. 


T 
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In forests which yield a small return the ranges may be 
large; where the money yield is high, it pays best to make the 
ranges small, so that an intense and detailed management may 
be possible. 

Each working circle or range, as the case may be, must be 
further divided. The unit of that division is the cmupartmrnt. 
A number of compartments are grouped together into cutting 
series, and a number of the latter form a working section, con¬ 
sisting of a complete series of ago gradations or age classes. In 
some cases a working section is identical with a working circle, 
or the latter may contain several of the former. The whole 
of this division is effected by utilising, in addition to the outer 
boundaries, interior natural lines, such as waterparlings, 
watercourses, precipices, etc., and artificial lines, as roads, 
already constructed or projected, and rides. 

Although the division of the working circle depends chiefly 
on the system of roads and rides, it is desirable, before indi¬ 
cating how they should be laid out, to explain more fully 
what is understood by compartment, sub-compartment, cutting 
series, and working section. 


2. The CoMrAiiTMENi. 

By compartment is understood the unit of working; it forms, 
therefore, the unit of the division of the forest. 

The above definition should never be lost sight of. If the 
boundaries of a compartment can be made to coincide with 
those of a wood showing a certain composition or age, so much 
the better, but it is a mistake to insist upon such an arrange¬ 
ment ; the main point is that each compartment should be of 
a certain size, so as to fulfil its objects as the unit of working. 
If that area includes two or more different kinds of growing 
woods, they may be distinguished as sub-compartments; but 
the boundaries of the compartment should never be twisted 
out of shape for the sake of including only one kind of growing 
stock. 
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The formation of compartments is necessary— 

(1.) For general orientation, so as to enable the forester to 
define accurately any particular part of the area. 

(2.) To render all parts of the forest easily accessible, since 
one or more sides of the compartment should abut on 
roads or rides. 

(8.) To assist in the prevention of fires, and to enable the 
forester to stop any which may have broken out. 

(4.) For the location of the annual or periodic coupes. 

(5.) To facilitate the transport of forest produce. 

(6.) To obviate the necessity for repeated surveys of the 
coupes. 

(7.) In some cases, to facilitate hunting and shooting. 

The shape of compartments depends on the configuration 
of the ground. In the plains, a rectangular shape (with sides 
2: 1, or 3: 2) is most suitable. On hilly ground, such a 
shape is not always practicable; but the actual shape should, 
as far as possible, approach that of a rectangle. 

The size of compartments cannot be laid down ; it depends 
chiefly on— 

(1.) The size of the working circle. 

(2.) The intensity of management. 

(3.) The extent of danger from fire. 

8. The Sub-compaetment. 

If, within the limits of a compartment, considerable 
differences exist in respect of species, silvicultural system 
age of growing stock, quality of locality, etc., it may be 
divided into two or more sub-compartments; the latter may 
be temporary, if the differences will disappear after some time, 
or permanent. Sub-compartments may be marked by shallow 
ditches or other cheap boundary marks. 

The forester should not go too far in the formation of sub¬ 
compartments, as it is accompanied by additional expenditure. 
As a rule, sub-compartments should be formed only if the 
additional income derived from different treatment at least 

T 2 
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covers the additional expense involved thereby. The forma¬ 
tion of sub-compartments depends on the intensity oi 
management. 

4. The Working Section. 

A part of a working circle which forms a separate series of 
age classes is called a working section. If a working circle 
consists of only one series of age classes, it is identical with a 
working section. In working circles of some extent, however, 
different conditions may demand the establishment of two or 
more series of ago classes, or a division of the working circle 
into two or more working sections. The principal censes 
which demand the formation of working sections are the 
following;— 

a. Species. 

When several species appear in a working circle as pure 
woods, they must be placed into different working sections 
if they require essentially different treatment, or if a certain 
quantity of material of each species has to be cut annually. 
When, on the other hand, the several species appear in mixed 
woods, such a separation is neither practicable nor necessary. 

h. Silvicultural System. 

Each silvicultural system may demand the formation of a 
separate working section. If, for instance, part of a high 
forest is treated under the compartment system, and another 
part as a selection forest, each part must be formed into a 
separate working section. Coppice woods and coppice with 
standords always must form separate working sections. 

c. Rotation. 

Even in the case of the same species and silvicultural 
system, areas worked under different rotations must be placed 
into different working sections whenever an even or approxi¬ 
mately even annual yield is expected. Unless this is done, 
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it will happen, either that the annual yield is uneven, or, if 
the Bame quantity is out every year, that the different 
rotations merge into one. 

d. SeiTitiulfS. 

If part of a working circle is subject to servitudes, it should 
be placed into a separate working section ; this is necessary to 
protect the interests of the owner, as well as of the right 
holder. 

c. ‘Differences in the Quality of the Ijocality. 

Differences in the quality of the locality cause the establish¬ 
ment of different working sections, if they necessitate the 
growing of different species, or the adoption of different 
treatment or rotations. 

f. Distribution oj Cuttings. 

If cuttings must be made annually in different parts of the 
working circle, so as to supply local demands, it is often 
advisable to form different working sections, though this is 
not absolutely necessary. 

g. Size of the Working Circle, 

When the area of a working circle exceeds a certain limit, 
it may be more convenient to divide it into several working 
sections, although no difference in the character of the growing 
stock and the management exists. In this way, better arrange¬ 
ments can be made for the execution of the work. 

h. Generally. 

A working circle, consisting of several working sections, is 
said to be normal if each separate working section is in a 
normal state. 

Although the formation of working sections is in certain 
cases unavoidable, the forester should not go to extremes in 
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this respect. A separate record must be kept for each working 
section, and they cause extra trouble and expense in other 
ways; hence, moderate differences of conditions, especially in 
the rotation, should not induce the forester to introduce 
separate working sections. 

The question may be asked, why a separate working plan 
should not be drawn up for each working section, thus making 
the latter always identical with a working circle. Such a 
procedure is not desirable, because it involves extra labour 
and repetitions in the working plan report. It is preferable, 
whenever practicable, to have one working plan for each 
executive charge, because the management of the different 
working sections can be so arranged that they supplement 
each other, thus enabling the forester to provide for a proper 
allotment of work amongst the staff and a proper distribution 
of the yield. Where the areas managed on different lines are 
mixed up with each other, the division of a working circle into 
two or more working sections becomes an absolute necessity. 
It need hardly be pointed out that the areas belonging to one 
working section need not form a consolidated block; they may 
be scattered amongst other areas forming another working 
section. 


5. The Cutting Series. 

A working section in its simplest shape should consist of a 
series of age gradations equal to the number of years (or 
periods) in the rotation, so arranged that cuttings commence 
in the oldest age gradation and proceed steadily towards the 
youngest in the direction which is determined by the circum¬ 
stances of each case. It has, however, been pointed out on 
page 219 that) such a simple arrangement is, in the case of 
high forest, not always admissible, and that every working 
section in such a forest must be further divided into several 
parts which are called “ cutting series.” Only such a further 
division gives the necessary order and elasticity to the arrange¬ 
ment of the coupes. 
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Each cutting series should comprise a number of gradations, 
the ages of which differ by a certain number of years (see 
diagram on page 218); it can be regarded as a working 
section in which cuttings are made periodically instead of 
annually; ordinarily, however, a certain number of cutting 
series together form one complete series of age gradations, or 
a working section. 

The number of age gradations to be included into one 
cutting series depends on local circumstances. On the whole, 
small cuting series are desirable, as each gives a point of 
attack where cuttings can be made. Amongst the advantages 
of small cutting series the following may be mentioned:— 

(1.) The special requirements of each wood can be met at 
the right time; if a cutting is desirable at a given 
time, it can be made without interfering with the 
safety of adjoining woods. 

(2.) A suitable change of coupes can be arranged, so as to 
protect the forest against the dangers which may make 
themselves felt if two or more annual coupes adjoin 
each other. 

(3.) The establishment of small cutting series assists the 
forester in distributing the yields to meet local 
demands. 

In order to realise these advantages, it is necessary that 
each cutting series should receive a shape and be so situated 
that the coupes can be suitably arranged, and that cutting in 
one series does not interfere with the requirements of adjoin¬ 
ing series ; in other words, each cutting series must be 
independent of its neighbour. Where these conditions do not 
exist, they must be specially provided by the clearance of 
broad rides between the cutting series, called severance 
cuttings. 

6. Severance Cottinos. 

By a severance cutting is understood a cleared strip of 
varying breadth by which two woods are separated in the 
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general direction of the cuttings, at a place where some time 
afterwards regular cuttings are to commence. 

Severance cuttings are necessary whenever an existing 
cutting series is too long, and when it is desirable to divide it 
into two or more series. Their object is to accustom the edge 
trees of the wood on the leewardside to a free position, so 
that they may develop into storm-firm trees, and be able to 
withstand the effects of strong winds when the wood on the 
windward side has been cut. An example will explain this. 
A wood comprising a and b (Fig. 52) is to be divided into 
two cutting series I. and II. To prevent the trees in II. being 
thrown by wind when I. is cut, a strip c is cleared some time 


K 



before cuttings in I. are commenced, so that the edge trees 
along the line d—c may become storm-firm. 

Severance cuttings need not be straight; they may, if 
necessary, be curved, or run along two or three sides of a 
wood. The latter is necessary where the prevailing wind 
direction is not constant but oscillates, say, from north-west 
to south-west. The breadth of severance cuttings differs 
according to species, their height growth, and the strength 
of threatening winds; it will ordinarily range between 30 and 
60 feet. 

Severance cuttings must be made while the wood to be 
protected is still young and capable of developing firm edge 
trees; such a developments generally no longer possible after 
the trees have passed middle age. They must be made, in the 
windward wood, some 15 to 20 years before the regular cut- 
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tings are commenced. Where danger from windfalls is great, 
it is desirable first to clear a narrow strip, and to widen it a 
few years afterwards in one or more instalments, so as gradu¬ 
ally to accustom the edge trees to the effects of strong winds. 
If the severance cutting is not to form a road or ride it is at 
once re-stocked, so as to avoid loss of increment, and because 
the existence of a young wood in front of that to be protected 
is an additional safeguard against windfalls. When a sever¬ 
ance cutting is made along an existing road or ride, it is, of 
course, placed to the windward of it. 

If the proper time for making a severance cutting is past, 
arid the wood to be protected is too old, it would be a dangerous 
procedure to make such a cutting. In that case, it is better to 
make a scries of thinnings in the strip along the edge of the 
wood to be protected, before cuttings in the windward wood are 
commenced. Whether this measure will have the desired effect 
is doubtful, but it is better than to risk a regular severance 
cutting. 


7. Tub System op Eoaus and Etdes. 

As already indicated, working sections, cutting series, and 
compartments must be separated from each other by natural 
or artificial lines. Apart from suitable natural boundary 
lines, such as waterpartings, watercourses, precipices, fields, 
meadows, etc., roads are the best boundaries of compartments 
and cutting series, because they facilitate the transport of the 
produce. It is, therefore, desirable that in the first instance 
a suitable network of roads should be designed and marked on 
the ground. Eoads alone, however, rarely suffice. In some 
cases, roads already exist which are not suitable for boundaries, 
in others even new roads must be so laid out that they cannot 
be used as boundaries, because they must lead in the direction 
of the places of consumption. Besides, in hilly or swampy 
ground they often follow a direction vjbich renders them unfit 
to serve as boundaries. 

The missing division lines are provided by a system of 
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rides, that is to say by cleared strips of various breadths. A 
distinction is made between major and minor rides. 

' (I. Major Bides. 

In so far as roads or natural lines are not available, cutting 
series, and in many cases working sections, should be bounded 
by major rides. These should run in the direction of the 
cuttings, that is parallel to the prevailing wind direction, 
whenever the configuration of the ground does not necessitate 
deviations. 

In coppice and coppice with standards, the major rides 
need not be more than 6 to 8 feet broad, unless they are need 
as roads for the transport of the material. In high forest, 
they must be much broader, because they are used as sever¬ 
ance cuttings to induce the edge trees of adjoining woods to 
become wind-firm and accustomed to other climatic influences. 
In the case of woods consisting of species which are easily 
thrown by wind, they should not be less than 80 feet broad, 
and if the major ride is also used as a fire line, it may be still 
broader. 

The edges of the woods consisting of species easily thrown 
by wind, if bordering on major rides, should be strongly 
thinned from an early age onward, so as to produce strongly 
developed trees. 

Major rides may be utilised for stacking wood. Their area 
is entered as non-productive of trees; in many cases, however, 
they produce grass. 

In young woods, the major rides should bo cut at once 
while the edge trees are capable of producing a strong root 
system; in woods which are past middle age, only 6 to 8 feet 
broad lines should be cleared in the first instance, which are 
widened to the required breadth when the adjoining woods 
are cut over. 

h. Minor Rides. 

Minor rides should run more or less at right angles to 
major rides; they complete the delimitation of the compart- 
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ments. The coupes will, therefore, run parallel to the minor 
rides and stand at right angles to the major rides. Minor 
rides need not be more than 6 to 8 feet broad, unless they 
are used as fire lines. 

c. 77ic Network of Rides. 

Major and minor rides together form the network or system 
of rides. The laying out of it depends, especially in the 
case of shallow rooted species, chiefly on the prevailing 
wind direction. In the plains, the latter can generally be 
determined without much trouble. In mountainous dis¬ 
tricts, the matter is frequently beset by difficulties, because 
the configuration of the ground may produce a local direc¬ 
tion which differs from the general direction. No rule 
can be laid down for such deviations; the question must 
be studied on the spot. The direction can frequently be 
recognised by the shape of the crowns of trees, by a slant¬ 
ing position of the stems, and, above all, by thd direction 
in which trees have been thrown. As regards the latter, it 
must not be overlooked that local storms sometimes throw 
trees in a direction which differs from the ordinary direc¬ 
tion of gales. In many cases, reliable information can be 
obtained from local people who have lived for some time in 
the locality. 

The laying out of the system of rides is of great import¬ 
ance, because it is used in the protection of the woods against 
natural phenomena, and it leads to order in the management. 
These advantages outweigh the loss of productive area which 
is, after all, very limited. Eegular networks of rides with 
right angles at the corners are practicable only in the plains; 
on hilly ground they must accommodate themselves to the 
configuration of the ground. The example on the next 
page will illustrate this. The forest occupies a ridge, the 

slope of which is indicated by dotted contour lines. 

The top of the ridge, being much exposed, must be treated as 
a separate working section under the selection system; it is 
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N. CUTTING DIUBCTION, 



Fig. .IS. 


separated from the rest by a major ride slopes 

.are treated under the compartment system, and they are 
divided into two parts by the major rides 


, . . indicate the 

minor rides, and 1, 2, 8 . . . the compartments. The 
prevailing wind blows from the west. 

The division would probably be somewhat on the following 
lines:— 


©. 


The numbers 
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WorJdng Section L = Coinpartvient System. 


Cutting Series A comprises compartments 1 & 2 


» » ^ fy 

tt tr ^ yy 

yy ^ yy 


y> 

yy 

yy 


3 

4 

5 & 6 



NAMING AND NDMBEEING OF DIVISIONS. . 285 


Working Section II. = Selection System. 

Comprises compartments 7, 8, and 9. 

The cutting direction would be from east to west, a direction 
which is indicated by the numbering of the compartments. 

The coupes in compartments 1 to G would run at right 

and “P 

the hill side, as it is generally objectionable to let the coupes 
run horizontally. 

8. Dkmaecation of the Divisions of a Forest. 

It is generally desirable that all interior boundary lines 
should bo demarcated by boundary marks, so that they can 
be recognised if they should have become obliterated in conse¬ 
quence of cuttings, windfalls, etc. For this purpose, boundary 
marks may be placed at all points where rides cross, or where 
they form an angle. If straight rides are very long, it is 
useful to place intermediate marks at suitable distances. Such 
marks are placed on one side of the rides, so that they may 
not interfere with the transport of the produce; it is useful to 
choose always the same side, say the north side of the major 
rides, and the east side of the minor rides. 


angles to the major rides 


9. Naming and Numbering of the Divisions of a Forest. 


The methods of naming and numbering the divisions differ 
much. Judeich recommends the following:— 


(o.) Working sections receive Roman numbers = L, II., .. . 
{b.) Cutting series receive names and slanting capital letters 


(c.) Compartments receive Arabic numbers = 1, 2 . . . 

{d.) Sub-compartments receive small Roman letters = 

Ia> I& • • • 

(e.) Major rides receive upright capital letters surrounded 


by a circle = 
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(/.) Minor rides receive small Arabic figures surrounded bj 
a circle = 

(See illustration on page 284.) 

Sometimes a number of compartments are joined into a 
“ block ”; if so, the latter should receive a name. 

The numbering of compartments must be consecutive 
throughout the working circle, unless the latter consists of 
two or more entirely separated blocks; it leads to confusion 
to have a separate series for each working section. The 
numbering should be done so as to indicate the cutting 
direction. 

In the French Stale forests, the following system of 
numbering the divisions was prescribed until a short time 
ago:— 

Working sections are numbered = I., II., Ill. 

Periodic blocks „ „ = 1, 2, 3 . . . 

Compartments „ „ = A, B, G . . . with 

the addition of the number of the periodic block; 
thus IV. Ca means Working Section IV., compart¬ 
ment C in the 2nd periodic block. 
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CHAPTER III. 

DETERMINATION OP THE METHOD OP 
TREATMENT. 

Bkfohr the yield can be calculated and the general plan of 
operations laid down, the method of treatment must be deter¬ 
mined. The questions here involved have already been 
discussed in this and in Volume II.; the following references 
will be useful:— 

(1.) For choice of species, see Volume II., fourth edition, 
page 122. 

(2.) For choice of silvicultural system, see Volume II., 
page 112. 

(3.) For choice of method of formation, see Volume II., 
page 275. 

(4.) For choice of method of tending, see Volume II., 
pages 287—323. 

(5.) For choice of rotation, see pages 191 to 202 of this 
volume. 

(6.) The financial aspect of forestry has been explained at 
pages 149 to 1G4 of this volume. 

The determination of the method of treatment depends 
chiefly on— • 

(a.) The objects of management. 

(b.) The locality. 

(c.) The growing stock actually existing in the forest. 

(d.) The dangers to which the growing stock and the soil 
are exposed. 

(«.) The conditions of demand and supply of forest produce. 

(/.) The supply of labour. 

ig.) The legal position of the forest, existence of rights, 
privileges, etc. 
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The nature of these determining factors shows that no 
general rule can be laid down, hut that the method of treat¬ 
ment and the general lines of management must be determined 
locally on the merits of each case. In the following pages 
only a few general hints are given. 

1. Choice of Species. 

The first step should always he to examine carefully how 
far the existing species meet the objects of management and 
suit the locality. If the existing species do not answer, then 
the forester should not hesitate to change them. On the 
other hand, the introduction of a new species should not be 
lightly undertaken, as it generally involves some loss, and 
frequently introduces uncertainty as to future results. Only 
species which have been tried within a reasonable distance 
and succeeded should be chosen. The cultivation of untried 
and especially exotic species is, in the first place, justified only 
on a small scale. Above all, personal fancies must be banished 
from the forester’s mind. 

The formation of mixed woods is of great importance, 
and its advisability should always be considered. In this 
respect attention is invited to pages 74 to 91 of Volume II. 

2. SiLVICULTUKAL SvSIEM. 

This depends, of course, on the species which exist on the 
area, or which have been selected for introduction. 

High forest yields the greatest quantities and generally also 
the most valuable classes of major produce, as well as various 
kinds of minor produce; it is, except in the case of clear 
cutting, the best system for the preservation of the quality of 
the locality. On the other hand, it requires in the case of 
broad-leaved species at least fairly good soil; it also requires 
a- greater capital than other systems, owing to its greater 
growing stock, accompanied in some cases by a low mean 
annual forest per cent. The growing stock is also exposed to 
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many dangers, such as snow, ice, wind, insects, and fire. High 
forest must be adopted in the case of all species which cannot 
be regenerated by stool shoots or root suckers. 

As to the different kinds of high forest, clear cutting, shelter- 
wood compartment system, group system, selection forest, or 
their modified forms, it should be remembered that clear 
cutting is most easy to carry out, and that the selection system 
is most favourable for the protection of the quality of the 
locality, while the modified forms stand between these two 
extremes. Again, clear cutting exposes the growth most to 
dangers; at the same time, it is generally obligatory in the 
case of light-demanding species. Its drawbacks can, to some 
extent, be reduced by making the coupes of small extent. 
Still, it should only be followed in the case of hardy 
species. 

The question as to which of the forms of high forest gives 
the highest returns has been much discussed. On the whole, 
a carefully carried-out system of clear cutting, with a suitable 
species, may be expected to give the beet financial results; 
the ordinary shelter-wood system approaches it in this respect, 
while even higher returns have been claimed for some of its 
modifications, such as the group system, the selection system, 
the two-storied high forest, or the system of isolated trees in 
conjunction with an underwood. 

In how far a locality can maintain the higher returns 
(if any) under the clear cutting system, depends on the nature 
of the soil and the climate. Where these are not favourable, 
one of the shelter-wood systems is certainly to be preferred. 
The latter are absolutely essential in the case of species which 
are tender during early youth. 

Coppice woods are only possible in the case of those species 
which reproduce from the stool. To do well, they require a 
fairly mild climate and protected position. Coppice woods 
make smaller demands on the chemical and physical pro¬ 
perties of the soil and give quicker returns; they require a 
much smaller capital; owing to the shortness of the rotation. 
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the danger of damage from outside (excepting frost and game) 
is much smaller, and the whole management can be more 
regular and is safer than in the case of high forest. On the 
other hand, coppice gives smaller quantities and lower quality, 
except in special cases, as, for instance, where tanning bark, 
hop-poles, or vine-stakes are produced. Until comparatively 
recent times, coppice woods paid very well, but, owing to the 
fall in prices of late years, this is no longer the case in 
Europe; in fact, special cases excepted, they will have to be 
converted into high forest. 

Pnllanlin/i frequently gives fair returns, and it can be 
carried on in conjunction with agriculture. 

Coppice with standards holds an intennediate position 
between high forest and coppice woods as regards the pre¬ 
servation of the quality of locality and the capital value of 
the growing stock. The comparatively free-growing standards 
reach a certain diameter in a shorter time than trees in high 
forest; on the other hand, the stems are shorter and less 
clean than in regular high forest, and they are more subject 
to frost cracks and scorching of the hark. The yield is smaller 
than in high forest, but larger than in coppice; financially, it 
generally holds a position between the two. 

3. Method of Pobmation. 

This depends chiefly on the silvicultural system, the species, 
and the nature of the locality. 

Natural regeneration is cheaper in itself, and, if successful, 
leads to fully stocked young woods; but in the case of high 
forest, seed-years do not always come when they are wanted, 
so that a regular progress of the regeneration may be seriously 
disturbed; the loss of time and other accompanying disad¬ 
vantages may more than outweigh the smaller original outlay. 
Natural regeneration must frequently be augmented by a 
certain amount of planting or sowing. To conduct the 
process of natural regeneration by seed demands skill and 
attention on the part of the forester. 
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Artificial regeneration generally accompanies the system of 
clear cutting in high forest, but sowing and planting may also 
be done under shelter-woods; it is necessary in the case of first 
afforestations, or where a change of species is contemplated. 

Whether direct sowing or planting is preferable depends 
chiefly on the species and local conditions. 

4. Method of Tending. 

To sow or plant an area is a comparatively simple business 
when once the most suitable species has been selected. The 
process of natural regeneration requires considerable skill. 
The most important part of a forester’s work is, however, 
the application of a suitable method of tending, and more 
especially the system of thinning. Views on this subject 
differ much. Until some 25 years ago, the method of early 
and heavy thinnings prevailed in Britain with anything but 
satisfactory results. On the Continent, on the other hand, 
the system of fully stocked woods had been elaborated, leading 
to much higher financial results than were obtained in 
Britain. During the last 25 years, a change has taken place 
in both cases, but in opposite directions. The system of 
lighter thinnings has commenced to find favour in Britain, 
while a considerable portion of Continental foresters now 
advocate heavy thinning. Until quite recently, the volume 
removed in thinnings on the Continent may, perhaps, be 
placed at 40 per cent, of the final yield; now it is advocated 
to make thinnings so strong that the volume removed in 
them is equal to that of the final yield, and even more. 
Formerly, the stems removed in thinnings were dead, dying, 
suppressed, and, at the outside, dominated trees; now it is 
advocated to leave suppressed trees and to remove instead 
some of the dominating trees. It is said that such a system 
leads to better financial results, but it appears to the author 
that all these calculations are based on the assumption that 
no decrease in the value per cubic foot of the final yield takes 
place. If the heaviness of the thinnings passes a certain 

u 2 
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limit, the shape and height growth of the trees comprising 
the final crop must be interfered with, accompanied by a 
reduction in the value. This consideration limits the 
heaviness of the thinnings; they must never be made so 
heavy that they interfere with the most favourable develop¬ 
ment of the trees constituting tho final crop, otherwise any 
advantage derived from the early and heavy thinnings will 
be more than vitiated by a reduction in the value of the 
final crop. 

The most favourable proportion between thinnings and final 
crop can be determined only by the collection of extensive 
statistics, and the financial values based upon them. 

5. The Rotation. 

The rotation is chiefly governed by the species, silvicultural 
system, and the objects of management. Though the financial 
aspect should never be lost sight of, there are many cases 
where a departure from the financial rotation is fully justified. 
This occurs where short rotations interfere with the preserva¬ 
tion of the yield capacity of locality, where considerations 
for the production of a certain class of produce or the dictates 
of political economy are of paramount importance. 
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CHAPTEE IV. 

DETEEMINATION AND EEGtJLATION OP THE 
YIELD. 

As long as the owner of a forest is satisfied with inter¬ 
mittent returns, the regulation of the yield is chiefly governed 
by silvicultural considerations, that is to say, every wood is 
cut over when it is just ripe according to the objects of 
management, while thinnings are made when they are neces¬ 
sary. If the owner desires a sustained annual yield of 
equal, or nearly equal, quantity, although the forest is not in 
a normal state, the various cuttings may have to be made at 
other times. All such deviations demand certain sacrifices on 
the part of the owner which differ according to the actual 
condition of the forest and the objects of management. 

These sacrifices are due to the fact that the final cuttings 
must be made at an age other than the normal age, as 
determined by the objects of management; even thinnings 
may have to be postponed instead of being made when the 
condition of the woods demands such cuttings. This deviation 
may be brought about by a surplus or deficiency of mature 
woods, or by their being so situated that they cannot be cut 
over at the proper time out of consideration for the safety 
of adjoining woods. 

The task of the forester in such cases is to secure a 
sustained annual yield, and yet to lead the forest, with the 
smallest possible loss to the owner, gradually over into the 
normal state as described in Part III. of this volume. Many 
different methods have been elaborated with the view of 
achieving that task, which approach the subject from various 
points of view. All the older methods started by considering, 
in the first place, the forest as a whole, determining the yield, 



294 DETERMINATION AND REGULATION OF THE YIELD. 


and then seeing in which parts of the forest it had best be 
cut. Moreover, working plans were generally prepared for a 
long period of time, usually a whole rotation. Gradually, a 
method which considered in the first place each wood rather 
than the whole was developed. It is, according to the author’s 
views, the most rational of all methods, and it will, therefore, 
be described first. 


SECTION I.-SELECTION OF WOODS POE CUTTING IN ACCORD¬ 
ANCE WITH SILVICULTURAL EEQUIREJCENTS AND THE 
OBJECTS OF MANAGEMENT. 

The method now to be described has been gradually 
developed since Heinrich Cotta was called to Saxony in 
1811; it advanced by steps, until it was finally put into a 
precise form by Judeich; hence, it is now known as “ Juddch's 
Bcstandsu irthuchaJ't.” The German word “ Bestand ” can be 
rendered into English by the word “ wood,” meaning part of 
a forest forming a unit of fairly the same description. The 
main character of the method lies in the tact that first of 
all the requirements of each wood are considered, and that 
the management of the whole forest represents a summing- 
up of the treatment laid down for each wood. 

The first step under Judeich’s method is a suitable division 
of the forest into units, called woods, or compartments; next, 
a general plan is sketched, to indicate the manner in which a 
normal arrangement of the age classes, both as regards size 
and grouping, is to be effected; then the treatment of each 
wood is determined for a limited number of years, with due 
consideration of its silvicultural requirements; the cuttings 
thus indicated are added up, and they represent the yield 
during the first, say, 10 years, unless considerations lor a 
sustained yield in the future demand certain modifications. 

It will thus be seen that the method chiefly aims at the 
establishment of a full increment and a proper arrangement 
of the age classes. Not a word is said about the normal 
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growing stock, because this must come of itself, if the other 
two conditions of the normal state have been established. 

Finally, an important part of the method is to fix the 
working only for a limited number of years, and to have 
revisions at regularly recurring periods, when the require¬ 
ments of each wood are reconsidered with due regard to the 
introduction of a suitable arrangement of the age classes, and 
especially the introduction of small cutting series. The latter 
point is of great importance, because it secures a perfectly free 
hand to the manager to take each wood in hand at the right 
moment. 

In describing the method, the author of this manual has, 
however, introduced a few changes. Judeich bases the ripe¬ 
ness of each wood upon financial considerations; he ascer¬ 
tains the forest or indicating per cent., and calls a wood ripe 
if that per cent, has sunk below the general per cent. p. 
This the author considers too narrow a view to take; the 
ripeness should, in his opinion, be determined by the “ objects 
of management ” as laid down by the owner of the forest, of 
which the financial ripeness may be one, or not. 

1 Application of the Method to Clear Cutting in High 
Forest and the Shelter-wood Compartment System. 

a. I'he General Plan of Operations. 

This is represented by a plan which gives the division of 
the forest into units of working or compartments. The latter 
are marked off by natural or artificial boundary lines, as 
described in Chapter II. This plan enables the forester to 
determine, in a general way, the order and direction in which 
the cuttings should proceed, and the grouping together of 
compartments into suitable cutting series. The latter may 
be a definite arrangement, but in many cases temporary 
cutting series must be designed, which will, at the time of 
subsequent revisions, be gradually led over into more per¬ 
manent groupings. 
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b. Diftcnidnation of the Ilotation. 

The next step is to determine the rotation in accord¬ 
ance with the objects to be aimed at, as laid down by 
the owner of the forest. How this is done has already been 
explained. 

The financial rotation is ascertained by calculating the boU 
rental, and the forest per cent, for a number of characteristic 
woods; in this way it is possible to determine the financial 
rotation within 10 or 20 years. The rotation actually decided 
on, as determined by the objects of management, may then 
be compared with the financial rotation, with a view to 
bringing out the financial sacrifice involved in a departure 
from the latter. 

c. Determination of the Final Yield. 

The next step is to select, with due consideration of the 
desired cutting direction and the establishment of suitable 
cutting series, the woods where final cuttings are called for 
during the period for which the working plan is to be pre¬ 
pared, say for the next 10 years. Special care is taken not 
to put down for cutting any wood the lemoval of which 
would expose the adjoining woods to windfall, or where difS- 
culties of transport would be encountered. Subject to the 
modifications caused by these considerations, the following 
areas would be selected:— 

(1.) All areas which must be cut to meet silvicultural or 
protective necessities, such as the establishment of 
severance cuttings, woods which must be sacrificed in 
order to work up to a proper grouping of age classes 
and arrangement of cutting series. 

. (2.) All decidedly ripe or over-ripe woods, the ripeness to 
be determined by the objects of management. In the 
case of a financial management, this would comprise 
all woods the current forest per cent, of which has 
sunk below the general per cent. p. 

(8.) All woods the ripeness of which is doubtful, and which 
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may be situated in the direction of the cuttings. This 
includes the woods which will become ripe during the 
working plan period. 

The sum total of the cuttings indicated under these three 
headings represents the final yield to be assigned to the period 
for which the working plan is being prepared. 

For small forests, or those where a sustained annual or 
periodic yield is not called for, nothing further is required. It 
is different in the case of extensive areas, especially those 
where considerations for a steady annual income, for the 
regular supply of markets, or the occupation of the staff 
and workmen necessitate an approximately even annual out¬ 
turn. Here, the yield, as determined above, must be subjected 
to a VKidifyinij regvlator, either as regards the area to be 
cut or the volume to be removed during the working plan 
period. 

This regulator can take any suitable shape, such as the size 
of the mean annual or periodic coupe, or the yield calculated 
according to volume. Judeich prefers the mean annual 
coupe, as obtained by dividing the total area by the fixed 
rotation. If a forest has an area of 2,000 acres and is 
worked under a general rotation of 80 years, the mean 

annual coupe would be equal to = 25 acres. During a 

working plan period of 10,years, the normal cutting area for it 
would amount to 25 X 10 = 250 acres. In other words, 
during a period of 10 years, 250 acres should be cut over, and 
the areas selected for cutting should be brought within that 
limit. This, however, is only desirable if the proportion of 
the age classes is fairly normal. In all cases where consider¬ 
able deviations from the normal proportion exist, such a narrow 
limit cannot be drawn, because in some oases it is highly 
desirable to cut more than the normal area, if, for instance, 
too large a proportion of old or defective woods exists. In 
other cases, the cuttings should be below the normal area, if, for 
instance, the area of mature woods is deficient. Hence, the 
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regulator should give merely the maximum and minimum 
area to be dealt with. In the above case the area might be 
given as 200 to 300 acres, or 225 to 275 acres. 

As long as the total area determined under (1.) to (3.) falls 
between these limits, it may be accepted as the area to be 
dealt with during the first 10 years. If it is larger than the 
maximum, then some of the most suitable areas enumerated 
under (8.) should be held over until the second period of 
10years; if smaller than the minimum, then possibly some 
further woods may be found which could be added to those 
already placed under (3.). In extreme cases, the yield may 
be kept for a number of years below the proper minimum. 


Jimm/ile .—Let the age olaeses in the above example be as follows:— 


Age Class. 

Normal Distribution 
of Areas. 

Acres. 

Real Distribution 
of Areas. 

Acres. 

1—20 

— 500 

700 

300 ) 

21—40 

— 500 

41-60 
Over 60 

500 

— 500 

} 1,.300 
600 ) 


Total = 2,000 

2,000 


As there is a considerable excess of old woods, the area to be cut, or 
taken under regeneration, every 10 years should be more than = 


250 acres. Indeed, for the next 20 years up to 300 acres might be cut 
during every 10 years. The result would be as follows 


1—20 
21-40 
41—(iO 
Over 60 


After 10 Yeaia. 
Acres. 


= 600 ; 
= 350 


850 


= 600 ; 
= 650 


1,160 


After 20 Years. 
Acres. 


= 650; 
= 425 


975 


= 4251 
= 600) 


1,025 


Total = 2,000 2,000 

After that, 250 acres might be out during every 10 years, so that, at the 
end of 30 3 ’ears in all, the distribution of the age classes would be 


Aks Class. 


After 80 Yeais. 
Acres. 

1-20 

= 


21—40 

= 

41—60 



Over 60 



2,000 
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The deviations from tie normal distribution still existing will disappear 
by continuing to cut about 250 acres every 10 years. 


d. The, Intermediate Yields. 

The limit between final and intermediate yields is not 
always quite clear. In a general way it may be said that— 

(1.) Final yields comprise— 

(a.) All returns obtained from woods which are put 
down for regeneration during the first period. 

(h.) All returns from other woods which, in consequence 
of unforeseen causes, are so large that the regenera¬ 
tion of the woods becomes necessary, whether the 
final cutting over is done during the working plan 
period or later on. 

(2.) Intermediate yields comprise all other returns derived 
from— 

(a.) Cleanings. 

(h.) Ordinary thinnings. 

(c.) Pruning, cutting of standards, etc. 

(d.) Accidental cuttings, such as dry wood cuttings, 
windfalls, etc., in so far as they do not occur in 
the areas put down for regeneration during the 
working plan period, or are of such extent that 
they come under sub-head (1 b.), above. 

The woods to be cleaned and thinned are put down according 
to their areas. The quantity of intermediate yields is best 
estimated according to past local experience with due con¬ 
sideration of the condition of the several woods. Where the 
necessary local data are not available, the most suitable 
average data obtained elsewhere must be used, or an estimate 
made in accordance with the condition of the woods. 

The question whether the regulation of the yield should 
refer to the final cuttings only, or include the intermediate 
cuttings, has been much discussed. There can be no doubt 
that the systematic working of a forest should, in the first 
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place, be regulated by the final cuttings. At the same time, 
the intermediate yields may be utilised to equalise any 
unavoidable inequalities of the final yield. Under any 
circumstances, both classes of yields must be estimated, so as 
to ascertain the probable quantities of produce which will be 
placed upon the market, and to prepare the annual budgets. 

The total yield of the working plan period is suitably 
divided amongst the years comprised in it. 

e. Separation, of Yield into Classes of Produce. 

The yield should be separated according to classes of 
produce as it is brought into the market, say as timber and 
firewood, or large timber, poles, mining props, fagots, etc., 
each being given in solid cubic feet. This separation should 
be based upon locally obtained proportional figures. 

It is also desirable to give separately the yield of the 
important species, as for instance oak, other broad-leaved 
species, larch, other conifers, etc. In India, teak, sal, deodar, 
and some other valuable species should always be given 
separately. 

2. Coppice Woods. 

In the first place, the rotation must be determined. By 
dividing the total area (real or reduced) by the rotation, the 
size of the annual coupe is obtained. 

Next, the area is divided into as many coupes as the rotation 
contains years, taking into consideration all matters influencing 
a proper arrangement of the age gradations, more especially 
the requirements of transport. 

If a coppice forest is so extensive that it is desirable to cut 
in several places in each year, while the rotation remains the 
same throughout, equal to r, it is first divided into a corre¬ 
sponding number of working sections, and then each of the 
latter into r annual coupes. 

If the several working sections are treated under different 
rotations, a separate account must be kept for each; for 
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instance, oak coppice worked for bark alongside of coppice of 
an entirely different nature, such as alder coppice. 

In order to obtain, as far as practicable, equal annual returns, 
the calculations should be made with reduced areas, though 
it is not necessary to go into very minute details. The 
different coupes should be marked on the ground. 

The final yield is ascertained by estimating the returns 
which may be expected from the areas to be cut over during 
the working plan period, and dividing them by the number 
of years in the period. 

Intermediate returns consist of all cuttings made on areas 
not put down for cutting over during the working plan period. 
As a rule, they are not of much importance. Their amount 
should be estimated according to average local figures. 

3. Coppice with Standards. 

The first step is to lay down a division into annual coupes 
in the same way as for simple coppice; this division regulates 
the yield of the underwood. 

The normal yield in overwood, as given on page 232, can 
serve only as a very general guide; in reality, the management 
of the overwood partakes of the character of forest gardening 
or selection fellings. Hence, this silvicultural system offers 
considerable difficulties if the areas are extensive. Any but 
a very elastic method of fixing the yield would be out of 
place. 

The determination of the final yield in overwood is effected 
by estimating, on the areas to be dealt with during the working 
plan period, the probable amount of material to be taken out. 
In doing this, the forester is guided by silvicultural considera¬ 
tions and the degree of ripeness of the several standards. 
Whenever fairly equal annual, or periodic, returns are aimed 
at, the forester should see that not more is out during the 
working plan period than is likely to be produced again by 
increment during the same space of time, allowance being 
made for any surplus or deficiency of growing stock. 
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Tlie sum total of the quantity of overwood thus ascertained 
and of the underwood makes up the expected yield during 
the working plan period. The executive officer should, how¬ 
ever, not be forced to abide absolutely by that estimate, but 
be permitted to modify it within certain limits, in accordance 
with requirements as they may become manifest in the course 
of the period for which the working plan is drawn up. 

Intermediate cuttings occur on the areas not nut down for 
final cuttings. Their amount should be estimated in a 
summary way on the basis of local experience. 

4. The Selection Forest. 

The selection forest resembles the coppice with standard 
forest, since the several age classes of standards are mixed on 
the area in a similar maimer. In the case of selection forests, 
it is desirable to go round the whole area within a moderate 
number of years, that is to say, to select again trees for felling 
over the same portion of the area after a moderate interval, 
thus avoiding having to cut too much at one time. 

The area to be taken in hand annually is obtained by 
dividing the total area by the number of years, I, fixed as 
above. By multiplying the quotient by 10, the area to be 
dealt with during the next 10 years is obtained. On the area 
thus fixed, all mature trees are cut and the necessary thinnings 
in the younger age classes made. The age of maturity, or the 
rotation, is fixed as in the case of clear cutting in high forest 
or the shelter-wood compartment system. 

Emmjile :— 

Area of a selection forest = 600 acres. 

Rotation = 120 years, 

I = 20 years, 

Annual cutting area = ^ = 30 acres. 

Area to be dealt with during the first 10 years = 300 acres. 

On this area all 120 years old trees are cut, as well as the 
necessary number of younger trees, so as to reduce them to 
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suitable proportions. As it is a laborious matter to ascertain 
the age of the trees, the diameter (or girth) at maturity is sub¬ 
stituted for the age. For instance, instead of an age of 
120 years, it may be laid down that trees with a diameter 
of, say, 2 feet at chest-height above the ground shall be 
considered mature. At the same time, it must be remembered 
that some trees will never grow beyond a certain size. These 
must be cut, even if they have not reached the minimum 
diameter (or girth) laid down for mature trees. 

The areas to be dealt with in each period of, say, 10 years 
should be marked off on the ground ; in some cases even the 
annual coupes may be marked. 

A distinction between final and intermediate returns is very 
difficult in the case of selection forests. 

To attempt a regulation of the expected returns by volume 
seems of doubtful utility. At any rate, to fix the yield in 
material only, whether in cubic feet or number of trees, is a 
risky procedure, which may lead either to over- or under¬ 
working of the forest. By far the best plan is to fix the yield 
by area, and to determine the minimum size of the mature 
trees to be cut. This area should not be exceeded. With this 
reservation, the probable amount of final returns to be cut 
may be estimated according to Brandis’ or von Mantel’s 
methods to be described hereafter. The same precaution as 
in the case of coppice with standards is here necessary; care 
must be taken not to cut more than will be replaced by 
increment, whenever fairly even annual or periodic returns 
are expected, always allowing for a surplus or deficiency of 
growing stock. 

5. Change from one Silvicultubal System to another 
cALLBn A Conversion. 

As a general rule, the returns during the period of con¬ 
version are likely to be uneven in amount. If the new 
system requires a higher rotation than that to be abolished, 
the returns will be smaller, until the conversion has been 
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completed, and possibly even longer. Hence, before a change 
of system is undertaken, it should be carefully considered 
whether the advantages expected from the change are likely 
at least to compensate for the unavoidable disadvantages. 

The number of conversions from one silvicultural system 
to another which are conceivable is considerable, and it is 
impossible to give any general rules of procedure. Whatever 
the nature of the conversion may be, the only sure basis for the 
determination of the expected yield is the annual cutting area. 
Hence, the consideration of a few special cases will bring out 
the essential points to be considered in each conversion:— 

a. Conversim of the High Forest Selection System into the 
Uniform, or Compartment System. 

This conversion necessitates the substitution of even-aged 
for uneven-aged woods, and it frequently involves the cutting 
over of trees at an age differing from that which is most 
advantageous. To justify this sacrifice, the compartment 
system must offer decided advantages over the selection 
system. 

It is usual to fix one rotation for the conversion, to divide 
the rotation into periods of even lengths, and to allot to each 
period a corresponding portion of the total area, with due 
consideration of the condition of the several woods. As a rule, 
the several age classes are not evenly distributed over a 
selection forest; generally, more old wood is found in some 
parts of the area, and more young wood in others. This 
fact is taken advantage of in the allotment, that is to say 
Period I. receives those woods which contain most old trees, 
especially those with little increment. Period II. receives 
the woods which are richest in middle-aged trees, and so on. 
In effecting this allotment, a proper grouping of the future 
age classes must not be overlooked. 

Example Aasuming the rotation to be 120 years and the whole area 
allotted to three periods of 40 years each, the working during the first 
rotation would be as follows 

During Period I. —Part A, approximately equal to one-third of the total 
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area, will lie regenerated, either naturally or artificially, or by a combined 
method. !From part B any over-mature trees are removed by selection, 
the necessary thinnings made, and blanks, il any, stocked. In part C over¬ 
mature ti'oes are removed, blanks stocked, incomplete young woods filled 
u^, and others thinned. 

Duriny Periud II .—Part B will be regenerated. In part A any remain, 
ing shelter trees will be removed and probably thinnings commenced. 
In part C over-mature trees will bo cut and thinnings made wherever 
necessary. 

Duriny Periud 7i/.—Part C will be regenerated. In part B any 
remaining shelter trees will be cut and thinnings commenced. In part 
A the necessary thinnings will bo made. 

The following table will further illustrate the procedure:— 


Period. 

Pait A. 

Part B. 

Part C. 

I. 

1—40 

ycar.s. 

Regenerated. 

Over - mature trees 
removed. 

Thinnings made. 
Blanks stocked. 

Over - mature trees 
removed. 

Thinnings made. 
Blanks stocked. 
Incomplete woods 
tilled up. 

IL 

41—80 

years. 

Any shelter trees 
removed. 

Probably thinnings 
commenced. 

Regenerated, 

Over - mature trees 
remoyed. 

Thinnings made. 

HI. 

81—120 

year.s. 

Thinnings maile. 

Any shelter trees 
removed. 

Probably thinnings 
commenced. 

Regenerated. 


h. Convenion of Coppice with Standarde into the Compartment 
System. 

This conversion is easiest effected by gradually growing so 
much overwood in each coupe that it represents a high 
forest. For this purpose, the coppice with standard system 
is continued for a time, but as little as possible overwood out, 
and as many poles as possible are left standing, until the area 
is fully stocked with overwood. The poles thus left should, 
if possible, be seedling trees and not stool shoots. Another 
method is to grow the high forest direct out of the underwood, 

F.M. X 
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provided the latter contains a sufficient number of seedling 
trees, and has not suffered by too much cover overhead. In 
eitlier case, a good deal of planting may be necessary. 

To prevent a great unevenness of returns during the first 
rotation, the conversion will be effected only gradually, as 
indicated under a, Conversion of a Selection Forest. 

Example .—If the future rotation of the high forest bo 120 years, the 
work would be distributed us follows;— 

During Deriud I., of, mg, 40 gears .—Oouveit one-third of the area; cut 
very sparingly in tho second part of the area; cut as usual in the third 
part. 

During Veriod 11., of 40 yfon.—Convert the second part; out sparingly 
in the third part. Thinnings will bo commenced in the first part. 

During Period III., of 40 years .—Convert the thiid part. Thinnings in 
the first part will be in full swing. Thinnings will bo cominouoed in the 
second part. 


c. Conversion of a Forest of Broad-kared Species into a 
Forest of Conifers. 

An irregularly stocked forest of broad-leaved species, partly 
high forest, partly coppice, and partly coppice with standards, 
shall be converted into a coniferous forest, a conversion which 
is indicated by the special conditions of the locality. 

The first and most important step is to divide the forest into 
a suitable number of compartments by laying out a system 
of roads and rides suitable to the locality. These compart¬ 
ments are then grouped into a suitable number of cutting 
series, without taking into consideration the present conditions 
of the several woods, but merely future requirements. 

It would be problematic to determine the rotation to be 
adopted for the future coniferous forest. On the other hand, 
the age should be determined which the oldest coniferous 
wood should have reached when the conversion has been 
concluded, so as to have, from that moment forward, woods of 
sufficient age to cut and supply the market. This age 
determines the period during which the conversion is to be 
effected, called the “ conversion period.” The latter must not 
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be too short, or else there would be no final cuttings tor a 
number of years after the conversion had been completed. 
Supposing 60 years were chosen for the period of conversion, 
then at its close the oldest coniferous wood would have an age 
of 60 years. 

By dividing the total area by 60, the area is ascertained 
which should be converted annually. 

In selecting the areas to be taken in hand year by year, two 
considerations present themselves:— 

(1.) A suitable arrangement of the future cutting series. 

(2.) To begin with cutting over the woods which are poorest 
in increment. 

A consideration of both decides the allocation of the annual 
coupes over the forest area. 

Kxamjile .—A copi)ice with standard forest of 1,200 acres shall, in the 
course of 60 years, ho converted into a coniferous forest. Every 10 years 

= 200 acres must be taken in hand for conversion. In that case, 

0 

the yield would consist of:— 

IJuring the first 10 years- - 
(1.) The clearing of 200 acres. 

(2.) The treatment of 1,000 acres as coppice with standards. 

Dui'iug the second 10 years— 

(1.) The clearing of 200 acres. 

(2.) The treatment of 800 acres as coppice with standards. 

During the third 10 years— 

(1.) The clearing of 200 acres. 

(2.) The treatment of COO acres as coppice with standards. 

(3.) Thinnings in the oldest coniferous woods. 

And so on. 


It is evident that the returns fall off from period to period, 
in so far as the reduction is not made good by thinnings in 
the young coniferous woods. This can to some extent be 
modified by not making any cuttings in the area of coppice 
with standards which will come under conversion during the 
next period of 10 years; in other words, to let the material 
become 10 years older than it otherwise would. 

The expected yield is determined by estimating the returns 

X 2 
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from the area to be converted during the first period and 
adding thereto the necessary cuttings on the rest of the area; 
the latter should be sparingly done, so as to equalise the 
cuttings as much as possible. 


SECTION n.-OTHER METHODS OF DETERMINING AND 
REGULATING THE YIELD OP FORESTS. 

The number of other methods is so large that it is not 
possible, or necessary, to describe them all in this place. 
The most important methods may, according to their principal 
characteristics, be grouped in the following manner:— 

A. Division of the forest into fixed annual coupes. 

B. Allotment of woods to the periods of a rotation. 

(1.) According to area. 

(2.) „ „ volume. 

(3.) „ „ area and volume combined. 

C. Eegulation of the yield according to increment and 

growing stock. 

(1.) The Austrian method. 

(2.) Hundeshagen’s „ 

(3.) Von Mantel’s „ 

(4.) Brandis’ „ 

D. Eegulation of the yield according to increment and 

growing stock, combined with the allotment of areas to 
the several periods of a rotation (Heyer’s method). 


A. Division of Forest into Fixed Annual Coupes. 


Under this method, the area of the forest is divided into as 
many annual coupes as there are years in the rotation, and 
each coupe marked on the ground. Every year one coupe is 
cut over, giving the annual yield of final returns, to which 
must be added the necessary thinnings in the other coupes. 

A 

The size of each annual coupe is = —, if the area is at once 


re-stocked, or = —if eacii coupe lies fallow for b years. 
In either case, A may represent the actual or reduced area. 
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The tnerits of this method are small. It aims more directly 
than any other method at the establishment of a regular 
series of age gradations which becomes normal after one 
rotation, if the division of the area is based upon the reduced 
area of the several parts; but it achieves this object only by 
heavy sacrifices, because the returns during the first rotation 
must be very uneven, unless at the outset a proper proportion 
and distribution of the age classes existed. The method takes 
no notice of disturbances, nor of the state of the market; 
hence, it is very rigid. Above all, it neglects to a considerable 
extent the fundamental principle that tlie mo.st important 
measure must always be the establishment of the normal 
increment within the shortest possible period of time. 

The method is applicable to coppice woods, coppice with 
standards, and, with modifications, to selection forests. For 
all other methods of high forests it is uusuited, except perhaps 
for clear cutting with a very short rotation. 

B. Allotment of Woods to the Bifferent Periods of 
One Rotation. 

In order to remove the great rigidity of the fixed annual 
coupes and to obtain a method which is suitable for the treat¬ 
ment of high forest, especially if managed under the shelter- 
wood systems, the several woods comprising a forest are 
allotted to a number of periods. The latter are generally 
from 8 to 6 in number, and each comprises from 10 to 80 
annual coupes. In this way, the forest is divided into as 
many lots as there are periods in the rotation; during each 
period one of these lots is dealt with. Thus, operations 
extend over the whole area once in each rotation. Devia¬ 
tions from this arrangement occur occasionally, for instance if 
a sub-compartment is not cut over, or twice cut over, during 
the first rotation in order to make the compartment uniform. 

It is evident that during the first rotation the total yield is 
represented by the growing stock which happens to stand in 
the forest at the commencement of operations, plus that part 
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of the increment which is added to it during the course of the 
first rotation; it may be equal to, smaller or larger than, the 
normal yield. 

An essential part of this method of regulating the yield is 
the preparation of a framework or general working plan, drawn 
up for one rotation and divided into a nmnher of periods, 
showing during which period each wood is to be cut over. The 
allotment can be made according to area, volume, or the two 
combined, so that practically three different methods exist 
which must be described separately. 

1. The Method of Periods by Area. 

(7. Deacrij)tim of the Method. 

The woods of a forest are so allotted to the several periods 
of one rotation that each contains tlie same or approximately 
the same area, called the periodic coupe. 

Where few or no differences exist in the quality of the 
locality in the different parts of the forest, the size of each 

periodic coupe will be = ^, where t represents the number of 

periods in the rotation. If such differences exist, the areas 
must be reduced to one common quality standard, and the size 

yi. 

of the periodic coupe becomes = —^—. Unless this is 

done, the periodic yields in the second and following rotations 
will not be equal. 

In allotting the woods to the several periods, that to be 
dealt with first receives the oldest woods and those with the 
most deficient increment, taking into consideration a suitable 
arrangement of the cutting series; the allotment to the other 
periods is made according to the age of the woods, with due 
consideration to a suitable grouping of the age classes. If 
then the totals in the several periods differ, shiftings are made 
by moving certain areas backward or forward, until each period 
contains the same or approximately the same area. 
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The woods placed into the first period are measured, their 
volume calculated, and the increment for half the number of 

years in the period, •, added. The total of the volume thus 

obtained is divided by the number of years in the period n, 
so as to obtain the average of the final annual yield during 
the first period. To this amount the thiimings must be 
added. 

For an pxample seo Appendix IV., A, at page 380, where the working 
plan for the communal forest of Krnmhiich, a village in Hesse-Darmstadt, 
has been given. This working plan is being ncdually followed. 

h. Meritx of the Method. 

The method is simple and can be applied by any intelligent 
manager. It establishes the normal state within one rotation, 
if no disturbing events occur. At the same time, it may yield 
very uneven returns during the first rotation, though this can 
to some extent be avoided by suitable shiftings. Although the 
method is much less rigid than that of fixed annual coupes, it 
is often difficult to produce during the first rotation a proper 
grouping of the age classes. 

Another disadvantage is that a surplus of growing stock 
may be dragged over a whole rotation, whereas it should 
be removed as quickly as possible; or, on the other hand, 
it may take a whole rotation to make good any deficit of 
growing stock. 

For a financial management, the method is only moderately 
adapfed, except in so far that it introduces order into the 
management. It gives only a limited latitude to the forester 
to hold over vigorous woods, or to cut over at an early date 
those which are deficient in increment. 

2. The Method op Periods by Volume. 
a. Description of the Method. 

The woods of a forest are so allotted to the several periods 
of a rotation that each yields the same or approximately the 
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same volume. In some cases, only the final returns are thus 
regulated ; in others, the intermediate returns are utilised to 
equalise the yields of the several periods. 

The allotment is based upon the table of age classes; then 
shiftings are made, so as to bring woods which have a poor 
increment early under the axe and establish, as far as prac¬ 
ticable, a suitable grouping of age classes; then further shift¬ 
ings are made, so as to equalise the periodic returns. The 
result represents the general working plan for the first rota¬ 
tion. It will be observed that, in the majority of cases, the 
areas placed into the several periods will be uneven, resulting 
in uneven returns during the second rotation unless a fresh 
allotment is made. 

In Appendix IV., B, page .'iSO, only tho final returns have, 
for simplicity’s sake, been equalised. The data are those of the Krumhach 
communal foi'est given in Appendix IV., A. 

As the future refturns have to be estimated for a whole rotation, it is 
evident that yield tables must be used; accordingly, the above general 
working plan has been based upon the returns for beech high forest, given 
at page S.'iC. After making the shiftings indicated in the general working 
plan, the volumes allotted to the several periods stand as follows:— 


IVriodic YieM. 

Cubic feet. 

Antnial Yield. 
Cubic fefii. 

Aroil in the Poriod. 
Acres 

Period I. = 201,740 

10,087 

34- 

„ II. = 207,421 

10,371 

32-5 

„ III. = 210,932 

10,547 

30‘5 

„ IV. = ‘206,180 

10,309 

30- 

„ V. = 212,286 

10,614 

33- 

Total = 1,038,559 


160- 


Mean periodic area = .‘52 • 

An attempt to equalise the returns further would necessitate the cutting 
up of compartments, which is not desirable. 

The areas placed into the several periods are uneven, and fresh shiftings 
will have to be made later on, so as to equalise the returns during the 
second rotation. 


6. Merit* of the Method. 

The method has this advantage over the method by area, 
that it gives during the first rotation equal or approximately 
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equal periodic returns; it considers the interests of the present 
generation more fully. On the other hand, the estimate of the 
future returns is more or less problematic, so that the equali¬ 
sation of the returns for a whole rotation ahead is a very 
uncertain operation. It shares with the method by area the 
disadvantage that a proper grouping of age classes is generally 
beset by difficulties. It may also drag a surplus or deficit of 
growing stock over a whole rotation. 

Whereas the method by area establishes the normal state of 
the forest within one rotation, the method by volume takes 
generally several rotations to accomplish this. 

As regards its financial aspect, it stands on about the same 
footing as the method by area. 

3. The Mbtuod of Periods by Area and Volume Comiuned. 

The woods of a forest are so allotted to the several periods 
of a rotation, that each contains the same area and yields the 
same or approximately the same volume. 

The equalisation of the periodic areas and returns is effected, 
either by adding columns for the volume to the general 
working plan used for the method by area, or by adding 
columns showing the reduced areas to the general working 
plan used for the method by volume. Shiftings are made, 
until both area and yield are the samo or approximately the 
same in each period. 

It will easily be understood that such an equalisation is a 
difficult operation, especially in a very abnormal forest; hence, 
more than an approximate equalisation cannot be attempted., 

The method shows some of the advantages and disadvan¬ 
tages of the two previous methods of which it is a combination. 
Its principal disadvantage is that a suitable grouping of age 
classes is still more difficult than in the case of each of the two 
component methods. 

In practice, various modifications of the above three methods 
have been evolved which sometimes partake more of one and 
sometimes more of another of the methods. 
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C. Begulation of the Yield according to Increment 
and Growing Stock. 

The methods coming under this heading calculate the yield 
by means of a formula baaed on the increment laid on and any 
difference which may exist between the real and normal grow¬ 
ing stock. Having thus determined the yield, the woods for 
cutting are selected from time to time in accordance with 
silvicultural considerations. There is no necessity for drawing 
up a general working plan for a longer period than suits the 
special requirements of each case. 

Of a considerable number of methods coming under this 
heading, only the following need be mentioned here, as the 
others are of moderate practical importance. 


1. The Adstbian Method. 

{D'tc OeHtPfvekJCHche Cumeral Taxation^ 
a. Description of the. Method. 

In the year 1788 (during the reign of the Emperor Joseph II., 
one of the most enlightened Sovereigns known in history) the 
Austrian Government issued instructions regarding the assess¬ 
ment of forests for the purpose of taxation. In these 
instructions reference was made to the difference which may 
exist between the real and normal growing stock of a forest. 
This led to the knowledge that a forest, which is expected 
to give permanently an annually equal return of the normal 
age and amount, must contain the normal growing stock 
corresponding to the rotation and method of treatment. 
Foresters speedily applied this principle to the regulation 
of the yield of forests by saying that, in order to lead an 
abnormal forest over into the normal state, it is necessary 
to establish the normal growing stock, in other words, to 
remove a surplus or to save up any deficit as the ease might 
be. The method developed upon this basis is called the 
Austrian assessment method. Authors differ as to the details 
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of the original method, but a general survey of the literature 
on the subject gives the following rule for determining the 
yield:— 

“If the normal growing stock is present in a forest, then 
the actual, or real, increment must be utilised; if the real 
growing stock is greater than the normal, more than the real 
increment must be removed for a time; if tbe real growing 
stock is smaller than the normal, less than the real incre¬ 
ment must be utilised, until the deficiency has been made 
good.” 

In carrying this excellent idea into effect, however, errors 
were introduced, which are still upheld by some foresters of 
the present day. 

The procedure is described as follows :— 

(1.) The increment is calculated as the mean annual incre¬ 
ment of a series of years. 

(2.) The normal growing stock is placed equal to the normal 
final mean annual increment, corresponding to the 
normal rotation, multiplied successively by tbe ages of 
all age gradations; the sum of all these products gives 

the value = / X calculated for the middle of 

the growing season. Here I represents the normal 
annual increment of all age gradations, which is equal' 
to the volume of the oldest age gradation. 

(8.) The real growing stock is obtained by multiplying the 
real final mean annual increment by the present age of 
each age gradation. For this purpose it is necessary 
to determine for each wood the real final age and the 
volume at that age. 

(4.) The difference between the real and normal growing 
stock is removed during such period as the owner, or 
forester, may determine according to the circumstances 
of each case. 

(6.) The general formula for calculating the yield, if the 
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deficiency or surplus of growing stock is to be removed 
in the course of a years, runs as follows ;— 


Annual Yield: 


: real Increment + 

_ T I ^ rml ^ ntyrmid 

— I rml i-T- 


real Gr. Stk.—norm. Gr. Stk. 


If Gr<G*, then the last position becomes negative. 


h. Merits of the Metluri. 

The method was the first which based the calculation of the 
yield upon a knowledge of the increment and the growing 
stock. It has the advantages over the methods previously 
described in this section that— 

(1.) It teaches the proportion between the real and normal 
growing stock and enables the owner to remove any 
surplus or deficiency at his pleasure. 

(2.) It assures to the owner the utilisation of the full real 
increment, whenever the normal growing stock is 
present. 

(3.) It distinguishes in the yield between increment and 
growing stock; in other words, between the removal 
of genuine annual increment and that of surplus 
capital. 

On the other hand, the method, as above described, has 
serious drawbacks:— 

(1.) The calculation of the real and normal growing stock, 
based upon the final mean annual increment, is not 
correct and not even safe. As, however, both are 
calculated in the same manner and one is deducted 
from the other, the error is to some extent eliminated. 

(2.) As the yield is determined by a formula, the method, if 
rigidly applied, may lead to absurd results; for instance, 
it may happen that a full increment takes place, that 
numerically. the real growing stock is equal to the 
normal growing stock, and yet there may not be a single 
mature wood in the forest fit to cut. 
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If the method is applied judiciously, that is to say, if— 

(1.) the real growing stock is taken as that actually existing 
in the forest, and the normal growing stock calculated 
from a suitable yield table; 

• (2.) the yield, as calculated with the formula, is modified to 
suit the special conditions of each forest; 
then the method is one of considerable merit. It enables the 
forester to arrange the grouping of the age classes and cutting 
series in the most desirable way, and to do justice to all other 
silvicultural requirements, since it leaves him an entirely free 
hand in the selection of the woods to be cut. 

The method is applicable to all silvicultural systems, but 
the determination of the increment involves much labour, if it 
is to be accurate. Under it, a forest is gradually led over into 
the normal state, though perhaps not for a considerable period 
of time; the difference between the real and normal state will, 
after the first rotation is passed, be so small, that it can be 
neglected. 

The sample working plan given in Appendix V., page 388, has been 
based upon the formula of this method. 

2. Hundeshaqen’s Mbthoj). 
a. Description of the Method. 

Hundeshagen’s method of determining the yield is based 
upon the idea that the real yield must bear the same pro¬ 
portion to the real growing stock as that existing between the 
normal yield and normal growing stock; he thus obtains the 
equation— 

y real • ^ real ~ ^ aom. 

and 

Y,= Or X 

In words, the real yield is equal to the real growing stock 
multiplied by the normal yield and divided by the normal grow- 

ing stock. Hundeshagen calls the quotient by which the 
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real growing stock is multiplied, the “ utilisation per cent.” 
(More correctly this indicates only the rate of utilisation, 

Y 

whereas the utilisation per cent, is v,“ X 100.) 

The normal yield is placed equal to the normal increment, 
or equal to the contents of the oldest age gradation in a 
normal series of age classes. The normal growing stock is 
obtained by adding up the volumes given in a suitable yield 
table; by the real growing stock Huncleshagen understands 
that which is actually standing in the forest. 

In applying the method, Ilundeshagen does not ask for a 
general working plan, except for a limited number of years; 
he is satisfied with determining the species, silvicultural 
system, general lines of management, the rotation and general 
rules for the grouping of the age classes; he leaves it to the 
manager to select the woods for cutting from time to time, say 
every 5 or 10 years. 

As the yield is determined by the growing stock which 
happens to exist, and as this practically changes from year to 
year, it would, theoretically speaking, be necessary to re¬ 
measure the growing stock every year, but as the changes are 
slow, Hundeshagen considers it suflScient if the re-measuring 
is done once every 20 or 30 years. 

Hundeshagen determines, in the manner above described, 
only the final returns; he adds the intermediate returns, 
estimated in a summary manner, or calculated according to 
average data obtained locally. 

h. Merits of the Method. 

The principal assumption of Hundeshagen is not quite 
correct; at any rate, there is no justification for maintaining 
that the real yield bears the same proportion to the real 
growing stock as the normal yield to the normal growing 
stock, because the rate of increment is not determined by the 
quantity of growing stock which stands in a forest. On the 
contrary, a large growing stock consisting of defective old 
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woods may give a small inerement, while a small growing 
jtock consisting of vigorous young woods may show a large 
increment. 

The method, if applied rigorously, may lead to absurd 
measures, just in the same way as the original Austrian 
method; it prescribes a definite annual yield, while not a 
single mature wood may be present; or it prescribes too 
small a yield, whenever a considerable portion of the area 
is stocked with decrepit old woods which ought to be cut 
over as quickly as possible and replaced by vigorous young 
woods. In all such cases, the yield, as fixed by the formula, 
must be modified in accordance with the requirements of 
sach case. 

The method does not distinguish in the yield between 
increment and surplus growing stock, and in this respect it 
stands below the Austrian method. Moreover, it may drag a 
surplus of growing stock over an undefined period. 

Hundeshagen assumes that, with the yield calculated 
according to his method, the normal growing stock will be 
established naturally, as the yield bears a fixed proportion to 
the real growing stock; if the latter is greater than the normal 
amount, more than the inerement will be removed, and rice 
versa. This is ordinarily the case, but not under all circum¬ 
stances. If, for instance, both the increment and growing 
stocdt are deficient, the yield may be greater than the incre¬ 
ment, so that the growing stock is still further reduced, at any 
rate for a time; hence, the establishment of the normal state 
may be considerably delayed. 

On the other hand, Hundeshagen’s method has this great 
advantage, that the increment need not be determined, such 
a determination being at all times beset by difficulties and 
uncertainty. All that the method requires is a suitable yield 
table, and the measurement of the growing stock actually 
standing in the forest. Hence, the method is by ho means to 
be despised, if a general plan is added indicating the grouping 
of the age classes to be aimed at. For the rest, it leaves a free 
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hand to the manager to shape the management in accordance 
with the requirements of each case, as long' as the volume 
determined by the formula need not be rigorously cut. It 
may reasonably be assumed that Hundeshagen himself 
expected this. 


3. VoN Mantel’s Method. 


Von Mantel, in arranging for the speedy determination of the 
yield of certain forests in Bavaria, laid it down that this should 
be done according to the formula— 


A , 1 Y' If? — Growing stock of the forest 

nnua le — 

1 


This formula rests upon the same basis as Hundeshageu’s 
method, if for the latter the normal growing stock is calculated 
with the final mean annual increment as in the Austrian 
assessment method. Hundeshagen’s formula— 


y = G 

goes, in that case, over into— 

y 


G„ 


rml ^ r~r 

In X ^ 2 


The cutting of the yield according to von Mantel’s formula 
will gradually lead to the establishment of the normal growing 
stock, as the following considerations will show:— 

Supposing the real growing stock, by which von Mantel 
understands that actually present in the forest, is equal to 
the normal growing stock, then his formula goes over into— 


r X I 



2 


The formula gives, therefore, the correct yield, provided the 
increment is normal. 
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If the iictaal growing stock is smaller than the normal, say 
Grmi = then the 


r X I _ 

_ 2 ^ _ j _ 2 X X _ j 

— j. ~ r ~ r’ 

2 2 
which means that less than the increment is cut. 

Supposing that the real growing stock is greater than the 
V X I 

normal: G ^ + *; then, 


l' = 


r X .1 , 

- 2 - 


r 


more than the increment will be cut, so that the surplus of 
growing stock will gradually disappear. 

All these assumptions depend, however, on the supposition 
that the normal increment is laid on. If the increment is 
deficient, the abnormal state may be further increased until 
the increment has reached its normal size. 

The merits of the method are approximately those of Hun- 
deshageu’s method. It introduces an additional inaccu¬ 
racy by being based on the assumption, that the normal 
I X V 

growing stock is = On the other hand, the normal 


growing stock and normal yield need not be determined ; in 
other words, the method can do without yield tables. It is only 
necessary to measure the growing stock and to determine the 
rotation. 

The method is very simple, and it is specially suited for 
determining the yield of selection forests. 


4. Brandis’ Method. 

The method to be described under this head will be best 
understood by indicating the circumstances which lead to its 
elaboration. 


r.M. 


T 
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Sir Dietrich Brandis, on being appointed Superintendent of 
the Pegu forests in Burma in 1856, found himself confronted 
by enormous areas of teak forests in danger of being heavily 
overworked. These forests contained teak in varying propor¬ 
tions, but on the whole to a limited extent which has since been 
ascertained to amount to perhaps 10 per cent,, while about 
90 per cent, of the growing stock consisted of species which at 
that time had no market value. Indeed, the latter were 
allowed to be removed free of charge without let or hindrance. 
Moreover, even teak trees required to be of a certain size to 
make their extraction really remunerative. At that time, it was 
considered desirable that no teak tree should be removed, unless 
it had reached a circumference of 6 feet, or roughly a diameter 
of 2 feet, measured at 6 feet from the ground. Trees of that 
girth and above were called trees of the iirst class. 

Under those circumstances, Brandis’ object was to ascertain, 
as quickly as possible, the number of first class teak trees 
which might be removed annually, without exposing the forests 
to deterioration. Por this purpose, he designed a method, by 
which he ascertained— 

(1.) the number of first class teak trees in the forests; 

(2.) the time which it takes to replace them. 

By dividing the number of first class trees ascertained under 
(1.) by the number of years ascertained under (2.), he calculated 
the maximum number of trees which it was permissible to cut 
annually. 

It will thus be seen that the volume of marketable growing 
stock was ascertained, and that this was removed at such a 
rate as at least to maintain it; in other words, the maximum 
yield was fixed at that quantity of marketable timber which 
reached maturity every year, thus maintaining the mature 
growing stock in the forest and utilising the actual increment. 
With the view to utilising an excess of mature material it was 
laid down that, if the proportion of first class trees appeared 
excessive as compared with the younger classes, extra cuttings 
might temporarily be made, and vice rersdi hence, the method 
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is one based,on increment and growing stock. Various safe¬ 
guards were added, such as an allowance for trees which it did 
not pay to extract; where few second and third class trees 
existed, some first class trees were left standing to provide 
seed for regeneration; immediately along the banks of streams 
cuttings were made very sparingly, etc. 

For the rest, the method leaves a free hand to the forester, 
who arranges the cuttings witli due regard to silvicultural 
requirements and a proper succession of the different coupes. 

The number of trees of the several size classes were 
originally ascertained by counting, or measuring, them along 
narrow strips, generally 100 feet broad, laid through the 
forest along the line of march (called “ linear valuation 
surveys ”). From the contents of these sample strips (or 
plots) the contents of the blocks, or forest, were calculated. 
The rate of increment was determined by counting the con¬ 
centric rings on a sufficient number of stumps, thus ascer¬ 
taining the average number of years which a teak tree takes 
to reach the limits of the several size classes. 

The original method was subsequently farther elaborated, 
so that the sample plots are now systematically arranged over 
the area, with the view to obtaining correct data for the 
number of trees in the several blocks of the forest. The 
cuttings, based on these data, were also localised: in other 
words, an area check was added to the calculated yield, so as 
to guard against over or under cutting. 

The method does not claim to be theoretically quite correct, 
but it is correct enough wherever large areas have to be dealt 
with in a short time. It works expeditiously, and, if judiciously 
applied, prevents a deterioration of the forest. Had it not 
been for this method, the valuable teak forests of Lower Burma 
might have been exhausted before their sustained yield 
capacity had been ascertained. It is a method to be strongly 
recommended for adoption in countries where systematic forest 
administration is in its earlier stages, and where only a limited 
number of species are as yet of commercial value. 

X 2 
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Example :— 

This example is baaed upon data containod in the working plan for the 
East Yoma, Salauwa, and Tindaw Eoaorvee in the Thayetmyo Division 
of Burma, drawn up by Mr. A. Rodger, Deputy Conservator of Foreata. 

The productive area of the forests amounts to 84,022 acres, divided into 
31 compartments. Of these, one was counted out altogether, while at 
least two sample plots in each of the other 50 compartments were marked, 
and the trees counted according to size classes. On the basis of the data 
thus obtained, the contents of the forests in sound took trees over 1 foot 
6 inches girth were calculated. They are as follows 


Class I. over 7 feet 
„ II. 6 feet to 7 feet 
,, III. 4 feet 6 inches to 6 feot 
„ IV. 3 feet t<5 4 foot 6 inches 
,, V. 1 foot 0 inches to 3 feet 


girth = 31,523 
„ = 18,114 
„ = 42,768 
„ = 101,737 
„ = 150,910 


To determine the rate of growth, countings on 198 trees and logs were 
made, which gave the following averages:— 


Giltli. 

1 foot 6 inches 

3 feet 

4 feet 6 inches 

6 feet 

7 feet 


A{je III Voars. 
31, 

60 I 

93 I 
130 
156 


Y«vrs requiml 
to tliroii}'h 
each ClasN. 


29 

33 

37 

26 

125 


Ilonce, the rotation was fixed at 160 years, and divided into five periods 
of 32 years each. 

From observations made in this and other forests in Burma, it was 


ascertained that the following percentages 
survive, and be available for utilisation 

of Bonud trees ore likely to 

Class I. over 7 feet 

girtk =• 95 per cent. 

„ II. 6 feot to 7 feet 

11 

oc 

„ III. 4 feot 6 inches to 6 feet 

= 70 „ 

„ IV. 3 feet to 4 feet 6 inches 

„ = 50 „ 

,, V. 1 foot 6 inches to 3 feot 

II 


giving the following numbers of trees available for utilisation 


Class I. = 
11 . = 
„ III. = 
IV. = 


29,947 

15,397 

29,938 

50,869 

37,728 


133,392 


Total 163,879 
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As it requires 125 years to pass a tree of 1 foot 6 inches girth into the 
first class, the average number of trees passing annually into the first 
class would ho 

133,932 , . 

—lo- = *>"^1 a year. 

\zo 

AU the same, there is evidently a surjdue of trees over 7 feet girth, as it is 
hardly necessary to keep more than half the average yield of a period of 
such trees standing in the forest, or 1,071 X 16 = 17,136. The balance, 
29,947 — 17,136 = 12,811 trees, might he removed in addition to the 
actual increment. Assuming now that this surplus of growing stock 
were removed during the first period of 32 years, or 400 trees on an 
average annually, the theoretically correct yield would amount to 
Yield ropresonting the annual incromont = 1,071 trees 
„ „ removal of surplus stock = 400 „ 

Total permissible yield annually = 1,471 trees. 

As a rule, it is dosirahlo, for other reasons, not to mark up to the lull 
theoretical yield. On the one hand, certain trees never roach a girth of 
7 feet, while on the other hand trees of 8 and 9 foot girth yield much higher 
prices per cubic foot than smaller trees. In many cases, mature trees 
must 1)0 left standing to provide seed for natural regeneration, and other 
matters demand consideration. Hence, the actual yield has, in this 
instance, boon fixed at 1,000 trees annually, to begin with. 


D. Eegulation of the Yield according to Increment and 
Growing Stock, combined with the Allotment of Areas 
to the several Periods of a Rotation. 

This method was originally elaborated by Carl Heyer, and 
classed under C., as it rested on the Austrian method. Sub¬ 
sequently it was further developed, especially by Gustav 
Heyer, until it became the combination indicated in the above 
heading: it is generally known as “ Heyer’s method.” 

1. Thboey of the Mbihod. 

The theory of Heyer’s method is as follows:— 

(a.) To arrange all woods into a general working plan 
according to periods, so that each period contains the 
same or approximately the same area. The object of 
this arrangement is to equalise the increment during 
the second and subsequent rotations. 
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(b.) To equalise the real and nonnal growing stoek, if any 
difference should exist, in such manner and within such 
time as may be indicated in each case and approved by 
the owner. 

(c.) To utilise the real increment, calculating the mean for 
a series of years, plus or minus the quota of growing 
stock determined under (/;). 

It is obvious that these objects can be realised only by a 
complicated procedure, and even then only approximately, 
because changes in one direction disturb the balance in 
another. 


2. Practical Application of the Method. 

(a.) The first step is to allot, by means of the table of age 
classes, all woods to the several periods, and to equalise 
the areas by suitable shiftings, as indicated under the 
method of periods by area; care being taken to allot 
the woods, as far as this is practicable, with due con¬ 
sideration to silvicultural requirements, and a proper 
distribution of age classes. 

{h.) The real increment is placed equal to the real final 
mean increment, for which purpose it is necessary to 
determine the final age of each wood (which may differ 
from the normal final age) and its probable volume at 
that age; the latter divided by the former gives the 
mean annual increment. In order to avoid having to 
calculate the increment year by year, it is generally 
calculated for a number of years, which may be called 
a'. If an abnormal wood is cut over during the o' years 
at an age differing from the normal, and a normal 
wood grows up in its place, the increment must be 
calculated separately for each part of o' years. 

(f.) The normal and real growing stocks are calculated as 
for the Austrian method; the former is placed 

= — 5 —, where I represents the normal final mean 
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increment; the latter is obtained by multiplying the 
real final mean increment of each wood by its age. 
The difference between the real and normal growing 
stock is removed as may be approved by the owner, 
say in equal amounts in the course of a years. 

(d.) The theoretical yield is then fixed by the formula— 

y _ Eeal Increment of a' years . G „„i — G 
~ a' '‘a ' 

If a' is placed equal to a, that is to say if the real 
increment is calculated for the number of years during 
which any difference between the real and normal 
growing stock is to be removed, the above formula 
goes over into— 

jr G^fff] ^v nrm. 

a 

(r.) The next step is to ascertain, whether the woods 
preliminarily placed into the several periods are suf¬ 
ficient to meet the yield during each period as cal¬ 
culated by the formula under (d), or whether they 
contain too much or too little volume; in the latter 
case, suitable shiftings must be made which neces¬ 
sitate, of course, fresh calculations of the increment 
and real growing stock, as the final ages of some of 
the woods are thereby altered. This process is con¬ 
tinued until the requirements of the method are 
realised, that is to say until each period contains the 
same area, and at the same time the volume neces¬ 
sary to meet the yield as calculated under (d). As 
already indicated, the forester must, in this respect, be 
satisfied with approximate results. 

(/.) The regulation of the yield is restricted to final returns. ■ 
The intermediate returns are estimated only for the 
first period, or part of it, by means of yield tables, or 
past experience, and added to the final yield. 
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3. Merits of the Method. 

The method is one of great precision. On the other hand, 
it is very complicated, and it calculates the increment, as well 
as the normal and real growing stock, incorrectly, as in the 
case of the Austrian method. The latter objection could be 
removed by using suitable yield tables, instead of the final 
mean annual increment, for the calculation of the increment 
and normal growing stock, and by measuring the growing 
stock actually standing in the forest. Nevertheless, the 
method involves great labour, and the necessary calculations 
are of an uncertain nature. 
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CONTROL OP EXECUTION AND RENEWAL OP 
WORKING PLANS. 

It is not sufficient to prepare a working plan; it is also 
necessary to see that its provisions are carried out; and when 
the period for which it lays down the management of a forest 
has come to an end, a new, or rather a revised, plan must be 
prepared. 

As the preparation of a working plan is to some extent 
based upon incomplete data, it is of importance to keep a 
careful record during its execution, so as to eliminate in the 
course of time all doubtful elements. Apart from this, changes 
in areas or in other respects may occur which must be noted. 
The work of control and renewal comprises, therefore, three 
distinct operations:— 

(1.) The record of changes as they occur. 

(2.) The record of works. 

(3.) The preparation of revised working plane from time to 
time, or renewals. 


1. Ebcokd of Changes. 

(a.) All changes in the areas must be recorded. Part of the 
area may be sold or exchanged, or additional areas 
bought; areas hitherto used for the production of wood 
may be set aside for other purposes, or vice versa. The 
progress of the cuttings may cause alterations in the 
allotment of areas; natural phenomena may produce 
changes, such as floods, landslips, fires, etc. All such 
changes should be noted at the close of each year, in 
the maps as well as in the tables of areas. 
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(6.) All final cuttings should be entered on the record and 
the maps. 

2. Eecoed of Works. 

The record of works has for its object— 

(a.) To give a general view of all cuttings in the forest and 
their distribution over the several woods or compart¬ 
ments. 

(6.) To give the means of comparing the provisions of the 
working plan with the execution or actual results. 

The special shape to be adopted depends on local circum¬ 
stances, but information on the following points is required:— 

(1.) Eesnlt of each cutting according to quantity and amount 
realised by its sale. 

(2.) A comparison of the estimate with the actual results. 

(3.) The harvest of minor produce according to receipts and, 
if possible, quantity. 

(4.) The data showing the net results of management. For 
a sample see the table below. 

(5.) The means of following up the history of each wood 
or compartment, as illustrated in Appendix V., page 
394. 


Table op Yield, Receipts 




Wood Sold, in Solid Cubic 
Fbkt, 

Rbceipts, Suii.linos. 

SxrxMSKS, 

Yoor. 

Area, 

AeifH. 

Timber. 

Kire- 

wood. 

I5aik. 

Total. 

From 

Wood. 

From 

Miimr 

I’n)* 

duce. 

Total. 

Har¬ 

vesting 

of 

Wood. 

Har¬ 

vesting 

Minor 

Produce. 

1891 

1892 

253 

12, .300 

7,000 

KM) 

19,400 

7,600 

400 

8,000 

1,200 

100 

1900 











Total... 
Annual) 


130,000 

70,000 

1,000 

201,000 

75,000 

4,000 

79,000 

14,000 

900 

Average) 

253 

13,000 

7,000 

100 

20,100 

7,600 

400 

7,900 

1,400 

90 


EENEWAL OF WOBKING PLANS, 
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3. Renewal of Working Plans. 

The renewal may in some cases amount to an entirely new 
plan; but in the majority of cases much of the work done on 
the first occasion can be used again, only subsequent changes 
being noted. 

The most important part of what remains from the pro¬ 
visions of the first working plan is the allotment of areas, or 
the order of cuttings then initiated; but even this frequently 
requires modification. 

The task at a renewal is, strictly speaking, the same as on 
the first occasion, except that a good portion of the work need 
not be done over again, and that the experience gained during 
the past period makes that task a much easier one than on the 
previous occasion. Hence it may be indicated as follows:— 

(a.) Investigation of the manner in which the provisions of 
the former working plan have been carried out, whether 

. there were reasons for departing from them, and, if so, 
what they were. 

(ft.) Investigation of the extent to which the provisions of 
the former working plan were judicious and appropriate. 


AKD Expenses. 


Shillimos. 

Net Ukstii.t, 

IN SniLLINOS. 

Forest Capital, 
Hhii.linus. 

Per- 
reiitage 
Riven by 
Forest 
Capital 
duiiiiR 
Year. 


Form* 

ation 

anU 

Im¬ 

prove- 

nieiit. 

Ad- 

minia- 

tiatUm 

aud 

Pro¬ 

tection. 

Taxes, 

etc. 

Mi.s- 

cella- 

neoiis. 

TotaV. 

Total. 

Por 

Aero. 

Hoil. 

Orowin^; 

Wtock. 

Total. 

Re¬ 

marks. 

200 

400 

200 

100 

2,200 

5,800 

22-92 

31,100 

128,70(1 

159,800 

3-63 


2,100 

4,000 

2,000 

1,000 

24,(KX) 

55,000 







210 

400 

200 

100 

2,400 

5,500 

21*74 

31,100 

128,70t 

159,800 

3*44 
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(c.) Preparation of a new working plan, based uiion— 

(1.) The old working plan. 

(2.) The corrected records and maps. 

(3.) The results of past yields in material and money. 
(4.) The account of past works of formation, tending, 
and improvement. 
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PAKT III. 


THE FOUNDATIONS OF FOREST MANAGEMENT. 




THE FOUNDATIONS OF FOREST 
MANAGEMENT. 


Fobest working plans regulate, according to time and 
locality, the management of forests in sncli a manner that 
the objects of the industry are as fully as possible realised. 
As the latter differ widely, it follows that working plans 
cannot bs drawn up according to any uniform pattern. The 
working plan for a protection forest or a park-like forest is 
altogether different from that of a forest which is managed on 
economic principles. In this volume, only forests of the latter 
class will be considered, that is to say, it will be explained 
how forests should be managed so as to produce the best 
financial results, or the greatest volume, or the most suitable 
class of produce for a specific purpose. 

The yield (or the return) of a forest consists of major or 
principal, and minor produce. By the former, timber, fire¬ 
wood, and bark are understood. It is in the nature of things 
that forests should yield chiefly such articles; at the same 
time, articles of minor produce (such as turpentine, fodder, 
grazing, fruits, caoutchouc, etc.) are frequently of considerable 
importance, and demand modifications of that management 
which would be indicated by considering only the realisation 
of major produce. 

Major produce is derived from the final and intermediate 
yields. The latter comprise the thinnings and other cuttings 
which are made from time to time during the course of the 
life of a wood, while the former is the return yielded by the 
final cutting of the wood to be followed by a new crop, 
whether the old crop is removed in one cutting or by a 
number of successive cuttings, as in the case of natural 
regeneration under a shelter wood. 
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The major produce of forests, wood, is one of the indispens¬ 
able articles of life, but it is bulky and not adapted for a long 
transport by land. Hence, it must in many cases be produced 
locally. To Ibis must be added that long periods of time 
elapse between the planting and harvesting of woods. Both 
these matters make it desirable that the yield of forests should 
be continuous and brought into the market in annually equal 
or approximately equal quantities, necessitating a manage¬ 
ment based upon the principle of a sustained yield. 

Generally speaking, a sustained yield is secured, if all 
areas which have been cleared are re-stocked within a 
reasonable time and the young woods which spring up 
properly tended, so that the soil continues to produce crops 
of wood. At the same time, a distinction must be made 
between— 

(1.) The intermittent working, if the successive final returns 
are separated by a varying number of years. 

(2.) The annual working, if final cuttings occur in each 
year. If the latter are approximately equal in quantity 
year by year, the method is called the “ equalised 
annual working.” 

The regulation of the yield of forests worked intermittently 
is very simple. It is only necessary to ascertain the most 
suitable rotation, taking into consideration the objects of 
management, and to make the intermediate cuttings whenever 
they are necessary. The matter becomes more difficult when 
an annually equal yield is expected. 

Altliough the method of annual working, and especially of 
the equalised annual working, is not an absolute necessity, 
still it is in the majority of cases highly desirable, more 
especially where extensive areas are under treatment, or 
where a steady market has to be regularly supplied. It has 
considerable advantages, of which the following may be 
mentioned:— 

(1.) It is best adapted to meet the requirements of the 
market, and therefore favours the development of a 
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regular and steady demand with a sustained competi¬ 
tion of purchasers. 

(2.) It affords equal employment year after year, and 
enables the administration to maintain a regular 
number of workmen and to instruct them thoroughly 
in their work. 

(3.) It secures to the owner an equal, or approximately equal, 
annual income, and facilitates budget arrangements. 

On the other hand the method has disadvantages, such 
as:— 

(1.) It cannot be introduced without cutting certain woods 
at an age differing from that which is most desirable, 
in all cases where a regular series of age gradations 
does not exist, or where the age gradations are irregu¬ 
larly distributed over the area. 

(2.) Owing to the necessity of bringing annually the same 
quantity of produce into the market, it interferes with 
the complete utilisation of special demands for forest 
produce, or the omission of cuttings when the demand 
is slack. 

These remarks show that each of the two methods of 
working possesses peculiar advantages, and that the choice 
depends on circumstances. In the majority of eases, the 
annual working will be found more suitable and profitable, 
without, however, strictly adhering to it when it would involve 
sacrifices out of proportion to the general advantages of the 
method. 

Correctly speaking, in order to have equal annual returns 
it would be necessary to regulate the intermediate cuttings as 
well as the final returns. Against such an arrangement the 
following reasons may be given:— 

(1.) Areas, which yield equal final returns, do not always 
give equal intermediate returns. 

(2.) Thinnings depend much more than final cuttings on 
the method of formation and tending; they must be 
made when they are necessary, so that the time for 
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their execution can, in many cases, only be determined 
a short time before they become necessary. 

(3.) The yield of intermediate cuttings depends frequently 
on events which do not occur regularly, or which 
cannot be foreseen, so that it is almost impossible to 
estimate it correctly beforehand ; for instance in the 
case of wind-break, snow-break, death caused by 
disease or insects, etc. 

Hence, it is desirable to confine the regulation of the annual 
yield in the first place to the final cuttings, and to be satisfied 
with an approximate equalisation of the intermediate returns, 
such as will naturally happen, if the final cuttings are 
systematically equalised; provided always that the thinnings 
are not made so heavy as to affect the subsequent final 
returns to an extent which would neutralise the advantages 
of heavy thinnings. 

If a forest is to yield a return, either annually or periodi¬ 
cally, it must be in a certain state. In order to determine 
what this state should be under a given set of conditions, it is 
useful to construct an ideal pattern, such as would be pre¬ 
sented by a forest which has grown up uninfluenced by 
external interfering circumstances. The ideal state differs, of 
course, for every different method of treatment, in accoi dance 
with the objects at which the management aims. In all these 
cases, a forest which corresponds in every way to the objects 
of management, is called a normal forest. It enables the 
forester to study the laws which must gover^n the management, 
and it serves as an ideal to be aimed at, though it may never 
be altogether reached, and at any rate not permanently 
maintained. 

The normal state of a forest, under a given set of conditions, 
depends chiefly on the presence in it of— 

(1.) A normal increment. 

(2.) A normal distribution of the age classes. 

(3.) A normal growing stock. 

By normal increment is understood that which is possible, 
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jiven a certain locality, species, and rotation. An abnormal 
ncrement may be caused by faulty formation, faulty treat- 
nent, injurious external influences, and also, for the time 
jeing, by a preponderance of certain age classes. 

By a vormal distrihiitiov of age classes is understood a 
series of age gradations so arranged that at all times, when 
suitings are to be made, woods of the normal age are available 
)f sufficient extent and in such a position that no obstacles to 
;heir cutting exist. 

The normal growing stock is that which is present in a forest, 
n which the age gradations are normally arranged and show 
;ho normal increment. It can, however, also be present (in 
juantity) in an abnormal forest, if the deficiency of some 
woods is made good by a surplus in others. 

For the strictly annual working and the clear cutting system, 
1 forest is, therefore, normal, if it consists of a series of fully- 
stocked woods equal in number to the number of years in the 
rotation and of the same yield capacity, so that each year a 
wood of the normal age can be ciit, and that the returns are 
squal, at any rate in quantity if not in value. 

From a financial point of view, the further condition must 
je added that there should be no woods in the forest, the 
mrrent per cent, of which has sunk below the general per 
jent. p (see p. 157). 

In accordance with these definitions, the following matters 
lemand special attention :— 

(1.) The increment. 

(2.) The rotation, or the normal age at which woods should 
be cut over. 

(3.) The normal age classes. 

(4.) The normal growing stock. 

(5.) The normal yield. 

(6.) The relations which exist between increment, growing 
stock, and yield. 
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THE INCBEMENT. 


Every tree or wood may lay on three different kinds of 
increment, namely:— 

(1.) Quantity or volume increment. 

(2.) Quality increment.] 


(3.) Price increment. 


Also called the value increment. 


SECTION 1,-VOLUME INCREMENT. 

By volume increment is understood the increase in the 
volume caused by the growth of a tree or a wood. It is 
measured by the solid cubic foot, or the stacked cubic foot. 
The different kinds of volume increment and the modes of 
measuring them have been explained in Forest Mensuration. 
For the purpose of working plans, it must be added that for 
short periods, say 5—10 years, the periodic mean annual incre¬ 
ment can be put equal to the current annual increment without 
any appreciable error. 

The calculations of increment may refer to the final yield 
only, or to the intermediate yields, or to both together. In 
the tables in Appendix III., the various classes of increment 
have been calculated accordingly. 

1. Progress of Volume Increment. 
a. Of Single Treex. 

The volume increment is produced by an annual extension 
of the crown and roots, and by the addition of a new layer 
between wood and bark all over the stem, branches and roots. 
As a general rule, the stem, or trunk, is the most important 
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part of the tree ; hence, the forester is specially interested in 
;he height and diameter growth. 

It has been explained in Volume II. of this Manual, fourth 
jdition, p. 56, that the energy of height (jrotvlh differs not only 
iccording to species, but also, in the case of one and the same 
species, according to the age of the tree, the productive power 
3 f the locality, and the method of treatment; besides, there is 
in this respect a great difference between seedlings and coppice 
shoots. 

The subjoined table and Fig. 39 exhibit the height growth 
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80 
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32 

88 

90 
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101 
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98 

87 
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110 
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91 
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* The dates fur the oalc in this and the following statements are not taken 
from t.he Yield Tables in Appendix III., which refer only to oak grown on 
alluvial soil. 


for some of the more important species of Europe, taking in 
each case a locality of the first quality class, and assuming 
that the trees have grown up in fully-stocked woods. 

Generally speaking, in the case of seedlings, the height 
growth during earliest youth is, in temperate climates, com¬ 
paratively slow ; it then increases rapidly, remains steady for 
a time, then decreases, and ceases altogether or nearly so. 

The periods, when the current annual and mean annual 
height increment show their maxima, are of special interest 
to the forester, but the data at present available give wide 
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Fig. 311.—Diagram illnslialing the Kelalive Hci^hl Growlli of Spruce, Silver 
Fir, Beech ami Scotch Pine on Localities of the Fimt Quality. 


imits for those periods. The following table gives approxi- 
nately the average ages at which the current annual and mean 
innual height growth culminate :— 


apLcdis. 

Current Anniiai. Height 

INI'HKMKNT. 

Mean Annuai. Height 
Increment. 

Average Year wlion 
Maxiimiiii occurs. 

Average Year when 
Maximum (X’cnrs. 

Oak. 

2U 

40 

Scotch IMnc .... 

25 

40 

Spruce . 

35 

5(1 

Beech. 

38 


Silver Fir ... . 

.50 

80 


On the whole, the culmination occurs earlier— 

(1.) In the case of light-demanding species, and 
(2.) In the better localities. 
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The latter point will be, illustrated by giving the following 
data referring to Scotch pine:— 


Heiaht Increment, in Kkici-. 


Aok Pkriop, in 
Ykahh. 

I. or Best/ 
Quality. 

1—10 

12 

11—20 

17 

21—90 

l.'t 

31—40 

n 

41—r.o 

10 

.M—(iO 

8 

(U—70 

7 

71—80 

6 

81—1)0 

5 

1)1—100 

4 

101—110 

4 

111-120 

4 


11. nr Middling 

111. ur LovvRst 

Quality. 

Quality. 

8 

4 

1) 

4 

12 

0 

1) 

7 

8 


6 

4 

0 

4 


4 

1 

.3 

•> 

I 

4 

3 


The first quality culminates about the year 15. 

The second „ „ „ „ „ 25. 

The third „ „ „ „ „ 35. 

In the case of teak, the current annual height increment 
generally reaches its maximum during the first five years of 
the tree’s life, frequently in the second or third year. Deodar 
shows a height growth similar to that of spruce. Sal shows, 
as far as is known at present, a remarkably even rate of height 
growth up to an age of 80 or 100 years. 

Coppice shoots show, generally, the greatest height growth 
during the first few years of their existence; the rate of 
increment begins to fall off early, nor do such shoots, rare 
cases excepted, reach the same ultimate height as seedling 
trees. 

The lateral increment of the trunk of a tree, i.c., diameter or 
sectional area increment, depends on the surface of the leaf 
canopy and on its activity. Hence, free growing trees increase 
more rapidly in diameter than those grown in fully-stocked 
woodcr At the same time, the position of the leaf surface is 
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of importance. Trees with a crown coming close to the ground 
are comparatively more tapering, while those with the crown 
restricted to the upper part of the stem show a more cylindrical 
shape. The form or shape of the stem depends, therefore, on 
the distribution of the crown. If, with advancing age, the 
crown of trees in fully-stocked woods moves higher up the stem, 
the difference in diameter increment between the lower and 
upper part of the stem decreases, and this is accompanied by 
what may be called the “ form increment ”; in other words, 
the tree becomes less tapering. The forester expresses this, as 
explained at p. 86, by the “ form factor,” or the co-efficient, by 
which the volume of a cylinder of the same base and height, 
as the tree must be multiplied, in order to obtain the volume 
of the stem of the tree. 

It has been stated, at p. 38, that in practice only the form 
factors based on a measurement of the base at height of chest, 
or 4-1 feet above the ground, are used, and that the form 
factors there given refer to trees grown in fairly crowded 
woods. 

In the case of trees grown in coppice with standards, form 
factors are as a rule out of the question. 


/). Volume Incmnnxf of Whole Wooih. 

The increment of a wood consists, during the first period of 
life, of the full increment of the individual trees. As soon as 
the trees close overhead, the extension of the crowns is inter¬ 
fered with, followed by a decrease in the diameter increment. 
As long as the degree of crowdedness is not too great, the 
height growth is not reduced; on the contrary, a moderate 
degree of density of the leaf canopy encourages height 
growth. Although, during this period, the individual tree 
has less increment than it would have in a free position, 
a fully-stocked wood can have, and generally has, a larger 
increment per unit of area than an open wood, because the 
total increment is equal to the mean increment per tree 
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multiplied by the number of trees. What degree of density 
of a wood gives the maximum increment is a question which 
awaits solution. In the meantime it must not be forgotten 
that a fairly crowded condition encourages height growth, 
decreases the tapering of the stems, and kills off the lower 
branches, thus producing most valuable trunks. 

While the loss of material is very small in trees grown in 
the open, it becomes considerable in the case of fully-stocked 
woods. Not only do all the lower branches die off, but the 
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greater number of the trees of which the wood originally 
consisted must be removed by degrees, because they are 
gradually overtopped, suppressed, and finally killed; these 
form, ordinarily, the material of which the thinnings consist. 

In fully-stocked woods, especially in those treated as high 
forest, a distinction must be made between the dominating and 
suppressed trees; the former may be called the major or 
primary part of the growing stock, and the latter the minor or 
secondary part. Not only the latter, but also a considerable 
portion of the former will be removed in the thinnings, in 
the same degree as, with the advancing age of the wood, they 
lose their dominating character and join the secondary part of 

T7.W. N 
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the growing stock. Exceptions to this may occur, which have 
been explained in Volume If. 

The progress of the increment in whole woods has by no 
means been determined for all important species, though much 
material bearing on this question has been collected of late 
years on the continent of Europe. In India, matters are still 
more backward. 

The data on page 177 refer to European species, taken from 
woods growing on land of the first quality class. They give 



the total production of timber and firewood in fully-stocked 
woods. 

These tables and illustrations justify the following con¬ 
clusions :— 

(1.) The current annual increment rises rapidly after the 
first youth is passed, and reaches its maximum, in the 
ease of many species, about the time when the height 
growth culminates; it then falls and reaches zero at 
the death of the wood. In the ease of some species, the 
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maximum is reached some time after the culmination 
of the height growth, as in the ease of silver fir. 

(2.; The mean annual increment keeps below the current 
annual increment, until the two become equal; after 
that period, the mean annual increment is greater than 
the current annual increment. 

(3.) The mean annual increment reaches its maximum at 
the precise moment when it is equal to the current 
annual increment. 

(4.) When the mean annual increment culminates, the 
current annual increment must, naturally, already be 
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Fig, 41.—Diagram sliowiug the Mean Annual Increment. 


past its maximum, and be falling; hence, the former 
culminates later than the latter. Daring the inter¬ 
mediate period between the two culminations, the 
mean annual increment is still rising, whereas the 
current annual increment is already falling. 

These points are further illustrated by the diagram 
(Fig. 42 on next page), giving the current annual and 
mean annual increment for Scotch pine. 

(5.) Whenever the object of management consists in the 
realisation of the greatest return of volume, the rota¬ 
tion must coincide with the year in which the mean 
annual increment culminates. 
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The following example will illustrate this:— 

The current annual increment of spruce in the above 
example culminates at 30 years, the mean annual increment 
at 70 years. In the course of 210 years there would be seven 
rotations of 30 years, or three rotations of 70 years. The 
former would yield in each rotation 173 X 30 = 5,190 cubic 
feot, and in seven rotations = 5,190 X 7 = 36,880 cubic feet. 
The latter would yield in one rotation 287 X 70 = 16,590 
cubic feet, and in three rotations = 16,590 X 3 = 49,770 cubic 
feet, or 13,440 cubic feot more. 



Fig. 42. 


The maximum for final yield only occurs earlier than that 
for final p/«.s' intermediate yield; the difference may amount 
to 10 and even 20 years. 


2. Volume Increment Pee Cent. 

So far the increment has been expressed in actual volume. 
In addition, it is useful to ascertain the proportion which 
exists between the total volume of a tree or wood at a certain 
age and the increment laid on during the year before or the 
following year. In order to express this proportion indepen¬ 
dently of the actual volume, it is usual to give it in per cents., 
and to call it the increment per cent .; by this is, therefore, 
understood the current annual increment which is laid on by 
every 100 units of volume. 
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If a capital G yields annually the interest R, then the per 
cent, p, with which the capital has worked, is found hy the 
equation— 

R _ p 

a ~ 100 

and 

P = 100 . 

In the same way, it may be said, if u = the volume of a tree 
or wood, i = the increment added during one year’s growth, 
and p„ — the per cent, with which the wood capital c has 
worked, then the following equation holds good:— 


and 

or, if t = V — V, 


i _ p,. 

(■ 100 ’ 

p„ = X 100, 
p„ = '' 7 X 100. 


The matter can be considered from a different point of 
view, as follows :— 

p„ _ i _ V — r 
100 ~ i; ~ i: ’ 


or 

or 

and 


•Op,. = V - 1. 

V 

l'0p» = y 
V = r X 1-Op,, 


This means that the volume at the end of one year, V, may 
be considered as having been produced hy v working for one 
year with p,, per cent. 

The increment per cent, is used, sometimes to calculate 
from the present volume the increment which is likely to be 
laid on in the immediate future, but chiefly for the purpose of 
testing the activity of the capital invested in forestry. 

The increment per cent, p, is naturally very large during 
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the early youth of a tree or wood; but as the volume increases 
year by year, that is to say the denominator in the above 
equation, while the annual increment does not increase in 
anything like the same proportion, and in fact begins to 
decrease comparatively early, it follows that the increment 
per cent, becomes smaller year by year. Heavy thinnings 
can temporarily produce an exception to the above rule, as 
tliey may retard the sinking of the increment per cent, by 
diminishing the producing capital. 

As the determination of the increment of a single year is a 
difficult and inaccurate operation, it is usual to determine it 
for a number of years, 5, 10, or, generally, n years, and to 
consider V as the volume produced by placing r for » years at 
compound interest, working with p,, per cent.:— 


From this- 

and 


V = r X (1-Op,.)’*. 


and 


1-Op. = V’". 

V 

•0p„ = -1 

V 

P. = 100 (\/^ - 1 ) , = 100 X V y - 100, 


or 


100 + p, = 100 X 


vt 


and 


log(100 + p,) = 2 + l2i^pLo?J. 


In order to avoid the use of logarithms, several formul® 
have been evolved which give approximately accurate results. 
Pressler obtained such a formula by assuming that the 
increment during the n years is laid on in annually equal 
quantities, and by comparing the increment with the volume 
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w^iich is present in the middle of the period of ii years. He 
thus obtains the proportion— 


and 


Capital: annual increment = 100 : 


V + r 
^2 


r -V 

n 


100 : p,, 


Pv 


V — V 

V“+ V 


200 

n 


This formula gives p„ somewhat too small; but the difference 
is BO slight that it can be neglected for all practical purposes. 


I''.ramj>/e :— 

I^et f in the year 70 = 3,S20 cubic foot; 

,, r in the year KO =• '1,200 ,, 

then— 

i’« = - O'" (-v/lsai “ 0 = r®'' 

or 


- i '' ‘^<>0 _ ■ V2i)0 - 200 

~ V -p' ^ 'n ~ 4,a(i() + ^ lir 


1-089 per cent. 


It any thinnings have been made during the n years, their amount 
must bo added to V, before the increment per cent, is calculated. Sup¬ 
posing that in the above case 827 cubic feet were cut between the yoai-s 
60 and 70, thou— 

inn r /•l,i!60'T;j27 

p„ = 1(10 —3 820 -Ij = per cent,; 

or 


7'» 


4,260 -t- ;127 - 3,820 200 _ 

4,260 +‘327 + 3,820 ^ lO ~ 


1,825 per cent. 


It remains to add that the formulas for the increment 
per cent, can be applied to height, diameter, or basal area 
increment, as well as to volume increment. 

The results of investigations made on the Continent have 
led to the preparation of yield tables for a number of species, 
an abstract of which will be found in Appendix HI. An 
examination of these tables will confirm the conclusions so. 
far drawn. The tables for oak refer only to the lowlands of 
Germany; the returns of oak on hilly ground are somewhat 
lower than those given in the tables. 
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SECTION IL-QUALITY INCREMENT. 

By quality increment is uuder.stood the increase in the 
value per unit of volume. It is produced, in the first place, 
by larger pieces of limber frequently fetching higher prices 
per unit of measurement, and secondly by a reduction of 
the cost of harvesting per unit of measurement. Quality 
increment is independent of any alteration in the general 
price of forest produce. 

If, in the course of n years, the net value of the unit of 
volume rises from q to Q, then the quality increment is 
= Q - q, and the corresponding per cent, is obtained by the 
formula— 

Q = q X ; 

and 

p, = ioo(V®-l); 

or 

log (100 + P„) = 2 + 

An approximately correct value for p,, is obtained by the 
formula— 

„ _ Q - q V aoo 

Ps - Q q. q X n • 

The quality increment may be rising, falling, or its move¬ 
ments may be more or less irregular; hence, it must be 
ascertained in each case. 

Woods grown for firewood show only little or no quality 
increment after middle age; except, perhaps, in so far as the 
percentage of stem- to branch-wood increases. The latest 
investigations seem to indicate even that wood taken from 
middle-aged trees has a higher heating power than wood taken 
•from older trees, although the latter may be perfectly 
sound. 

Matters are different in the case of timber forests; here 
the quality increment rises, in the majorily of oases at any 
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rate, beyond middle age and frequently to an advanced age, 
because: 

(1.) Trees of large dimensions are, up to a certain limit, 
more valuable per unit of volume than those of smalt 
dimensions, though exceptions to this rule occur 
frequently. 

(2.) The percentage of timber to firewood inureases, at any 
rate up to a certain age. 

The quality increment per cent, sinks, on the whole, with 
advancing age, though more or less irregularly ; it can become 
nil and even negative if the timber commences to decay. 


Hramplr .—Scotch pine wood 60 yoars old contains— 

Timber = 3,300 cubic foot, worth id. per cubic foot. 
Firewood = 760 ,, ,, ,, Id. ,, ,, 


Hence, mean quality - 


3,.300 X >1 + 760 X 1 


■1,(M!0 


- = 3-11 pence. 


Tho same wood in the year 70 has- 


Timbor = 3,820 cubic foot, worth od. a cubic foot. 
Firewood = 710 ,, ,, ,, Id. ,, ,, 


Hence— 


And 


„ 3,820 X o + 710 X 1 , 

^ =-M3(r-— = 

4-37 = 3-44 X l-Op,,'" 

p,= 100(Vq:54-’) 

log (100 + ft) = 2 + ~ 


And 


pq = 2-12 jier cent. 

Approximate value— 

4'37 - 3-44 200 


I’q = 


=2'38 per cent. 


What has been said above can also be applied to the inter¬ 
mediate returns. Indeed, the quality increment of that part of 
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a wood which yields the thinnings can be very considerable, 
especially while the wood is still young. Here, a few years’ 
extra growth may cause a great rise in the quality per unit of 
measurement. On the other hand, if thinnings are kept over 
too long, they interfere with the proper development of the 
major part of the wood ; hence, extremes in this respect must 
be avoided. » 


SECTION III.-PEICE INCREMENT. 

By price increment is understood the increment caused by a 
change in the price of forest produce generally, independent 
of the accompanying quality increment. It can be positive, 
nil, or negative. 

Examjilc .—A hitherto inaccessible forest is brought into 
communication with a large town by the construction of a rail¬ 
way ; the increase in the prices of the produce of the forest 
represents the price increment, which in this case is positive. 

Or, owing to an increased import of forest produce, the 
price of the home production falls generally; this represents 
a negative price increment. 

The price increment depends partly on the forester, and partly 
on external causes over which he has little or no control. Of 
the former class of causes are, for instance, the construction 
of good roads, development of industries which consume forest 
produce, improvement in the general management leading to 
a higher net value per unit of measurement. 

It is out of the question to construct a law showing the 
changes in price. In some cases, such changes affect all 
classes of produce, in others only certain kinds. Under any 
circumstances, it is almost impossible to foresee them, except 
in special definite cases. At the same time, the price increment 
is of considerable importance, as it affects the financial ripe¬ 
ness of woods, and in this way influences the lines upon which 
the management of the forest should proceed. 

The price increment is calculated in the same way as the 
quality increment. If s represents the value of the unit of 
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measurement at the present time, and S the corresponding 
value after re years, the price increment is = S — and 

S = H X l'0p“ 

p. = 100 ( \/ ® - i), 

log (100 + p,) = 2 + 

re 

Again, the approximate value— 


SECTION IV.-ADDITION OP THE SEVERAL INCREMENT PER 
CENTS, LEADING TO THE FOREST PER CENT. 

Instead of calculating with the volume-, quality-, and price- 
increments separately, it is more convenient to combine 
them. The combined increment per cent, is determined in 
the following manner:— 

A forest, which has at present a value = F„,,, increases during 
the next year— 

In volume by ji„ per cent. 

„ quality „ p,, „ „ 

„ price „ p, „ „ 

Its value at the end of one year may be expressed by the 
formula— 

i'mn = K, X l-07)„ X 1%, X 1-OjV 
For convenience sake— 

1 ' 07 )„ X I'O^),, X l' 07 >s is placed = I'Op/, 
where 7 v represents the combined effect of p,,, p,,, and p,; hence, 
= 1^'m X l-Oiv- 

This formula could be used to determine the financial 
activity of a wood at any time, if it were possible to determine 
accurately the value increment of the wood for a single year. 
This, however, is a very uncertain operation; hence, the 
difference in the value of the crop produced during a series 
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of years must be ascertained, a difference due to the combined 
effect of volume-, quality-, and price-increment during, say, 
n years. 

In that case, the value of the forest after ii years is— 

Out of this, 

1-Op/ = 

l-Op, = V 

^ ui 

■Op, = \/ ; 

^ m 

and 

"“"■p, = 100 ( /y/ ^ " - 1^ 

log (lOO -f iv) = 2 + 

This formula was introduced by Pressler, who called tlu 
'“’■'■•p,. thus obtained the indivating per rent. (Weiserproeent.). s, 

The indicating per cent, (or current forest per cent.) 
indicates the per cent, with which the capital, represented by 
a wood, works at the various periods of the wood’s life; in 
other words, it indicates at any time, whether a wood is 
financially ripe or not. As long as the indicating per cent, is 
larger than the general per cent, p, at which money can be 
invested otherwise with equal security, or at which money 
can be obtained for investment in forestry, tbe wood is 
financially not ripe; when the indicating per cent, has become 
smaller than p, the financial ripeness of the wood is past; 
the wood ufinancMlUj ripe at the tinie, when the indicating per 
cent, is equal to p. 

It remains to substitute the proper values for F,„ and F ,„,, 
The capital value of the forest at the present time m 
is represented by the value of the growing stock and soil, 
correctly = + S. As tbe formula is, as a rule, only used 

in the case of woods which are at or near maturity, the 
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utilisation value may be substituted for the cost value of the 
growing stock, so that 

= r„, + ,v. 

This is the capital which it is proposed to let work for 
another n years. During that period, it increases to the value 
of the forest in the year m + u, from which amount must be 
dedircted the annual costs during n years with compound 
interest, so that— 

K . „ = Y ,„, „ + .S' - £ d-Op" 1) 

and 

-1,=xoo ( - 1): 

If, between the years ?« and m + u, a thinning has been 
made, say in the year x, its value, with compound interest 
to the year in + n, must be added to i''„, + „, so that the formula 
becomes:— 


”“"'P=100 



+T,Xl-Op"*"- -+S-E'(l-Op"- 
Y„ + S 



In either case, the value S of the soil can be taken as the 
cost value or as the expectation value. 

If II is placed = 1, the above formula reduces to— 

- Y,„-c) X 100 
P/-'- X + -S' 


agreeing with that given at page 1G3 for the current annual 
forest per cent. 


JixamjUe .—Taking the data in the table at page 120, and putting 
p = per cent., .S' = 404 shilling^, e = 3 shillings, the following values 
of pf are obtained 
For the period 70—80 years;— 

log (100 + Pi, = 2 4- + 144+i04 - 341- log (2^+ 

= 2'68. 


* Tills formula differs from llmt given by Vressler and Judeich for the reasons 
indicated in the footnote at page 157. 
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For the period 80—90 years 

log (100 + ») = 2 + rl^)-J»?P.860 + 404)^ 

= 2'2S. 

The current annual forest per cents, given in the table at 
page 195 have been calculated in this way, and they show 
that the financial ripeness occurred during the period 70 to 
90, or, more precisely, in the j'ear 79. 
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THE EOTATION. 

By rotation is understood that period of years which elapses 
between the formation of a wood and the time when it is 
finally out over and regenerated. 

The end of this period, that is to say, the age of the wood 
when cut over is called the “ final age.” If it coincides with 
that which is considered the one best suited to the system of 
management, it is called the normal final age ; if a wood has, 
for one reason or another, to be cut over at a different age, 
the latter is called an abnormal final age. 

The determination of the rotation -is one of the most 
•important measures in forest management. It depends 
entirely on the various objects of management; hence, the 
rotation differs with every change of conditions. In economic 
forestry the following deserve to be distinguished:— 

(1.) The financial rotation. 

(2.) The rotation of the highest income. 

(8.) The rotation of the greatest volume production. 

(4.) The technical rotation. 

(5.) The physical rotation. 

Any one of these may be indicated by the objects of 
management, and it is necessary to explain them in some 
detail. 


1. The Financial Eotaiion. 

a. Calcnlatioii of tlw Financial Rotation. 

By the financial rotation is understood that, under which 
a forest yields, if calculated with a given per cent, and 
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compound interest, the highest net return. The financial 
rotation is, therefore, identical with that which— 

(a.) Gives the maximum soil rental as expressed by the 
formula— 

Soil rental = S, X 'Op 

_ i; + T„ X I'Op"^' + ... + 7',, X 1-Op’-" - c X l-Op'- 
.‘l-O//-! 

•Op 

(See page 148.) 

(i.) Or yields the highest profit 

P = .S', — S„ respectively = F,. — F,.. 

(See pages 151 and 153.) 

[c.) Or yields the maximum mean annual forest per cent. 
’"“'”py = X p, respectively = X p. 

C 

(See pages 158 and 159.) 

Of these, the first formula is the most convenient, and the. 
procedure is as followsIn the forest (for which the financial 
rotation shall be determined), a number of typical woods are 
examined and as many data as possible collected. These can 
be augmented by data taken from suitable yield tables, if 
such are available. Then the soil rental is calculated for 
various rotations, and that for which the rental becomes a 
maximum is the financial rotation. 

Example: —In order to explain the method, the appended table has been 
calculated from the money yield table for the Scotch pine given at 
page 120. In calculating that table, it has been assumed that the cost 
of fonnatiou comes to 6.0 shillings, the annually recurring net costs to 
3 shillings, and that the general per cent, p = 2| per cent. It has also 
been assumed that the thinnings during the several periods of ten years 
are made at the end of each period; for instance, the thinnings during 
the period of 40—80 are assumed to be made in the year 80. 

The table on pp. 194,198 shows that the financial rotation falls between 
the years 70 and 90. In order to ascertain the exact year, the rentals 
given in column k of the table have been plotted (see Fig. 43). It will 
be seen that the financial rotation falls into the year 79, when the 
rental reaches its maximum. 
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In column I the current annual forest per cent, is given, calculated 
according to the formula on page 189. These data show that the forest, 
or indicating per cent, passes from above 2^ per cent, to below 2^ per 
cent, between the years l.’S and 85. By plotting the por cents, (see 
Fig. 44), it is found that the exact time falls into the year 79, that is to 
say, the year when the annual soil rental culminates, lienee, the wood 
was financially ripe in the year 79. 

• 

h. Notes on the Financial Rotation. 

Owing to the uncertainty of the data upon which the 
calculation ie based, the financial rotation can be determined 
only approximately; moreover, it changes with every change 
of conditions. Under these circumstances, it can only serve as 
a general guide. 

Of the several items which appear in the formula for the 
soil rental, the rate of interest is the moat important. A low 
rate gives a high financial rotation, and vice versa. An 
alteration of 1 per cent, in the general per cent, p may cause 
the financial rotation to rise or fall by 10 to 20 years. 

As has been explained on a previous occasion, the general 
per cent, applicable to forest finance may, for Britain, at 
present be placed at per cent. 

Of the receipts, the final yield is by far the most important 
item. Its present value can easily be ascertained, but fore¬ 
casts for the future are of a risby nature. If, in the future, 
the proportion between the prices of the different classes of 
produce remains about the same, then a change in the financial 
rotation does not necessarily follow; but great changes can be 
produced in the reverse case; that is to say, if, for instance, 
timber of small dimensions rises in price, while that of large 
dimensions falls, or vice vei'sa. Such changes are difficult to 
foresee. The experience of the last decades seemed to show 
that timber of large dimensions is not unlikely to rise in price. 
During the last few years, however, middle-sized timber has, 
comparatively, risen in price; still, on the whole, the selected 
rotation should be rather above than below the financial 
rotation. 

iP.M. 


O 



tHE ROTATION, 


Pfl4 


. I'iNASciAL Yield Table i 
Data in Column h and e tal 


a 

h 

c 

d 

e 

f 



Slim of Ijitor* 



Len^;t.li of 
Uolulioii, 
Years, 

Hiin. 

.INtlS. 

iii«‘()iatn Yields 
witii Coni]ioiiii<] 
Interest t-mlate, 

Total Yield to 
llato (h+il). 

tlOn=a6()3., w 
CuinpouiK 
liitin-Kst U 



8hillin^s.L/ 

8liil]iiigs. 


Piiiul, 

liilermediaU, 

V^'2-b. * 


Hliillings 

JiO 

105 

5 

5 

200 

120 

40 

noo 

44 

.00 

(>10 

101 

TiO 

1)8-, 

87 

152 

1,137 

200 

fiO 

] 

118 

312 

1,875 

204 

70 

2,187 

134 


2,720 

m 

KO 

2,8(i0 

141 

827 

3,(i.S7 

m 

90 

3,r>ri8 

149 

1,207 

4,7C.-i 

551 

100 

4,273 

100 

1,710 

5,1)88 

701) 

no 

0,017 

1C7 

2,300 

7,373 

907 

120 

5,71)2 

i:ir, 

a, 01 5 

8,807 

1,101 



Fig. 43. 
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One Acre of Scotch Pine Wood. 
from the Table at (lage 12U. 



9 

h 

i 

k 

1 

m 


Total YifiUl less 
Cost of Forma¬ 
tion {f—J ). 
Slullmgs. 

Valuo of 
• l-0‘>r>r-l 

'Ub 

8oil. 

dross Jtent-il 

2 

8oil 

Net Rental 
i—Animul 
Ex))cti.seH. 
SlullniKs. 

Current 
Fnj-cst or 

Per Cent. 
OuniiffeAery 

in yiiars. 

rii'iigtii of 
Rotation. 
Years. 


74 

43-904 

1-09 

-1-31 


5-20 

30 


479 

fi7*404 

7-11 

+ 4-11 


3-89 

40 


imi 

97-484 

9-55 

0-55 


3-97 

50 


i.fin 

125-902 

11-8.-, 

8-85 


3-19 

fiO 


2,8S2 

18.5-281 

12-22 

9-22 


2-08 

70 


2,254 

248-282 

12-10 

10-10 


2-25 

80 


4,211 

320-154 

12-79 

9-79 


1-95 

90 


5,274 

432-549 

12-19 

9-19 


1-73 

100 


(i,4GG 

504-91*2 

11-45 

8-45 



110 


7,cir> 

734-220 

10-41 

7-41 



120 



Fig. 44. 
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The intermediate returns exercise a considerable influence 
upon the actual amount of the rental, but a comparatively 
small effect upon its culminating point; in other words, early 
thinnings reduce the financial rotation only to a limited 
extent, and if they are made so heavy that they reduce the 
value of the final return, they may have even the opposite 
effect. Of late years it has been argued that the thinnings, 
especially in coniferous woods, should be made much heavier 
than has been customary on the Continent for almost a century, 
thus favourably affecting the financial results. Indeed, it has 
been maintained that the amount taken out in thinnings 
should lie equal to the final yield. The author cannot accept 
that theory, because such a method of treatment would lead 
to the production of an inferior quality of timber, which would 
more than neutralise the advantages of heavy thinnings at an 
early period of the life of the wood. Those who advocate the 
theory of early and heavy thinnings have not seen the evil 
effects of such a treatment brought about in the United 
Kingdom in past years. 

Of the costs, the annual expenses do not affect the financial 
rotation, unless they alter in amount with the rotation. The 
cost of formation affects the rental to a considerable extent, 
but its effect upon the financial rotation is small. 

Taking all effects together, it may be said that the financial 
rotation is hnr — 

(1.) in the case of localities where only firewood is saleable, 
that is to say, where an increase in quality per unit of 
volume ceases at a comparatively early age; in other 
words, the financial rotation would approximately 
coincide with that of the greatest volume produc¬ 
tion; 

(2.) if trees of small dimensions can be sold as timber, 
for instance, in mining districts, in hop-growing 
countries, etc. 

The financial rotation is high — 

(1.) in localities with an unfavourable soil or climate, such 
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as high exposed situations, where the trees take a longer 
time to reach marketable dimensions; 

(2.) in thinly populated districts, where prices generally 
rule low for small dimensions, while large timber can 
be exported to other better paying markets. 

c. Correctiim of the Calculated Financial Rotation. 

The length of the financial rotation as obtained by a first 
calculation is subject to correction, because it is based upon 
certain rales obtainable for the various classes of produce, 
whereas a change in the actual rotation may alter those rates. 
If, for instance, the calculated financial rotation is lower than 
that actually existing and the former is introduced, more 
small and less large timber will be produced; also the pro¬ 
portion between timber and firewood will be altered. This 
may produce a fall in the average price of produce. The 
reverse effect would bo produced if the calculated financial 
rotation wore higher than the one actually existing. In either 
case, it must be taken into consideration that a change in 
the rotation is accompanied by a change in the growing 
stock, and that either more or less material is brought into 
the market, at any rate for a number of years. 

It follows that the first calculation is generally subject to 
some correction, in accordance with the alteration of prices 
which may be produced by a change in the rotation. 

d. Introdvction of the Financial Rotation. 

Although every deviation from the financial rotation is 
accompanied by a financial loss, yet it is very desirable that, 
if it has been decided to introduce that rotation, this should be 
done with great caution, because, in the first place, it can only 
be determined approximately, and, secondly, its introduction 
is accompanied by a change in the existing growing stock. If a 
true, or assumed, surplus of growing stock has been disposed 
of, it would take much time to re-establish it should further 
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experience indicate a bigber rotation than tliat originally 
calculated. Hence, it is desirable always to keep somewhat 
above the theoretical financial rotation. 

If a change of rotation has been decided on, it can be carried 
out at once, provided the forest is of small extent and the 
demand for produce sufficiently large to absorb the extra 
supply of produce thrown upon the market, without causing 
any appreciable change in prices. If the forest is, however, 
of some extent and the demand for produce uncertain, it is 
always .desirable to make the change gradually, so as either 
to spread the extra supply of produce over a number of years, 
or to accumulate the extra growing stock gradually, thus 
disturbing the market as little as possible. 


2. Eotation of the Highest Income. 


By this is understood the rotation which yields the highest 
income, calculated without interest and irrespective of the 
time when the items of income occur. The net income is 
thus calculated according to the arithmetical mean of incomes 
reduced by the costs. All items of income and costs during 
one rotation are added up and the sum of the latter deducted 
from the former; the difference, divided by the number of 
years in the rotation, represents the mean annual net income. 

Hence, the rotation in this sense is that under which the 
expression— 


Annual income = 


yr + ?; + n + -- + T ; -c- »-xc 


r 


becomes a maximum. 

, This rotation falls, as a rule, a considerable number of years 
beyond the financial rotation. 


AVomjjfe.—Taking tho data contained in the tuUe at page 120, the net 
annual income amounts to— 

Tor a rotation of ShilUnga. 

- 2,187 + 3 + 44 + 87 + 118+ 134 - 60 - 70 x 3 „ 

/O years =--= oo 


80 years; 


2,860 + 3 + 44 + 87 + 118+ 134 + 144 - 60 - 
80 X 3 

" 80 


:39 
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Shilling). 


90 years = 


100 years 


110 years = 


3,558 + 5 + 44 + 87 + 118 + 134 +144 +149 - 
60 - 90 X 3 
90 

4,273 + 5 + 44 + 87 + 118 + 134 + 144 + 149 + 
165 - 60 - 100 X 3 
‘ 100 

5,017 + 5 + 44 + 87 + 118 + 134 + 144 + 
149 + 165 + 167 - 60 - no X 3_ 


= 43 


= 48 


no 

5,792 + 5 + 44 + 87 + 118 + 1,34 + 144 + 


51 


149 + 165 + 167 + 135 - 60 - 120 x 3 
120 years = - -^'-- — -- = 54 

0,591 + 5 + 44 + 87 + 118 + 134 + 144 + 

149 + 105 + 167 + 135 + 133 - 00 - 
, 130 X 3 

130 years— --- = e/ 

7,410 + 5 + 44 + 87 + 118 + 134 + 144 + 

J49 + 105 + 107 + 135 + 133 + 135 - 
00 - 140 X 3 

140 years = —-—-— 


= 60 


It will be observed that the annual income still rises under 
a rotation of 110 years, and will continue to do so, until the 
volume- and quality-increment become so much reduced and 
the expenses increased that they will cause a reduction in the 
average income. At the same time, a rotation of 140 years 
would involve a financial loss, because interest on the invested 
capital has been altogether omitted. This can easily be seen 
by a reference to column k of the financial yield table at 
page 194. The net soil rental under a rotation of 120 years 
comes to 7'41 shillings, and under one of 80 years to lO'lO 
shillings. This is due to the fact that the income under a 
rotation of 120 years represents the interest on a much 
larger capital invested in the forest than is the case under a 
rotation of 80 years. 

3. Eotation of the Greatest Production op Volume. 

This is the rotation under which a forest yields the 
greatest quantity of material per unit of area; it coinpides 
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with the year in which the mean annual volume increment 
culminates. 

Let volume of final yield = F, 

Volume of thinning in the year a = r„ 

ti tt ri ^ 

» i» it 5 — 

then the rotation of the greatest production is that under which 

the value —becomes a maximum. 
r 

The calculation can be made for timber and firewood, or for 
timber only. 

JSxample. —^Taking, for instance, the data for total yield in the table for 
Scotch pine medium ijuality, at page 363, for timber only, the rotation of 
the greatest production would fall about into the year 80, which is 
approximately the financial rotation. For timber and firewood, the 
rotation would fall into the year CO, which is considor.ably below the 
financial rotation; in this case, a financial loss would be incurred. 

4. The Technical Eotation. 

By this is understood the rotation under which a forest 
yields the most suitable mateiial for a certain fixed purpose ; 
for instance, for construction generally, shipbuilding, railway 
sleepers, telegraph or hop poles, mining props, tanning bark 
fuel, etc. 

As the objects of management and the purposes for which 
the material is required differ very much, the technical 
rotation may fall into an age, either before, after, or into the 
age of the financial rotation. The loss occasioned by following 
it depends on the difference, between the technical and 
financial rotations. 

6. The Physical Eotation. 

By the physical rotation is generally understood that age 
which is most favourable for the natural regeneration of a 
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species, taking into consideration the conditions o! the locality 
and the silvicultural system. It cannot be lower, in the case 
of high forest, than the age when the trees have commenced 
to bear good seed in sufficient (quantity, nor as high as the age 
when the production of good seed has ceased ; the best period 
being that about the end of the principal height growth. 

In the case of coppice woods, the age must be below that 
at which the trees cease to produce good healthy shoots when 
cut over. 

Sometimes a second physical rotation is mentioned as that 
which coincides with the natural lease of life of the trees. It 
is of interest only in the case of protection forests, parks, etc. 

C. CiioicE OF Eotation. 

The choice of rotation, or the age at which a wood is to 
be cut over, is, as already stated, one of the most important 
questions in forest management. Many and varied are the 
arguments which have been advanced in favour of the one or 
other rotation. 

One party maintains that the financial aspect should decide 
the choice of rotation, since forests represent capital which 
should yield the highest possible interest. Another party 
brings the general usefulness more into the foreground, and 
maintains that other considerations are more important to the 
general community than purely financial results, especially 
in the case of State forests. 

In the author’s view, the “ objects of management ” should 
determine the rotation. These frequently demand deviations 
from the financial rotation. For instance, to begin with an 
extreme case, for protection forests generally a very high 
rotation is indicated; where a nation considers it necessary 
to produce timber fit for naval construction, a rotation which 
lies far beyond the financial rotation is called for; where 
hop-poles are wanted, a very low rotation would be advisable; in 
cases where land is scarce and yet a certain quantity of wood 
is wanted for existing industries, the rotation of the highest 
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production of produce is indicated; if a proprietor wishes 
to invest capital, so as to obtain the highest annual income, 
irrespective of the rate of interest, he would choose the rotation 
under which that income culminates, etc. 

There may be good reasons in all these cases for adopting 
the one or other rotation. At the same lime, the proprietor 
should know what financial sacrifice he brings tor the realisa¬ 
tion of his special object. Hence, the general procedure in 
fixing the rotation may be described as follows:— 

In the first ^ilace, the financial rotation should he determined, 
as it alone (jives a true expression of the economic value of 
the management; then, it should he ascertained in how far the 
ohjects of management demand a departure from the fmaneial 
rotation ; lastly, the financial loss involved in such a departure 
shoulil he determined, so that the proprietor may hare a clear 
conception of the payment which he is called upon to make in 
order to realise his special ohject. 

It need hardly be pointed out that the above procedure 
suits all possible cases which may come under consideration. 
It should, however, never be overlooked that very short rota¬ 
tions may injuriously affect the future returns of the locality, 
owing to the frequent exposure of the soil to deteriorating 
atmospheric influences. Hence, purely financial considera¬ 
tions, in the case of all but really fertile localities, should be 
adopted only after a full inquiry into the effects likely to be 
produced on the future yield capacity of the locality. 
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CHAPTER III. 

THE NOEMAL AGE CLASSES. 

When, under the system of working for a sustained annual 
yield, the rotation has been fixed, it is necessary that, year 
after year, or period after period, the required mature woods 
are forthcoming, so that the calculated annual yield may be 
obtained. This involves the establishment of a normal series 
of age gradation. By that term is, therefore, understood a 
series of age gradations so arranged that at all times, when 
cuttings are to he made, mature woods of the normal age are 
available and so situated that no obstacles to their cutting 
exist. This means that each age class must be of the proper 
extent, and that the several age classes must be properly 
grouiied, or distributed, over the forest. 

If a forest is to be managed according to the system of a 
sustained annual yield and the clear cutting system, it must 
contain a series of age gradations equal to the number of years 
in the rotation; the oldest age gradation must, immediately 
before cutting, have the age of the rotation, the youngest must 
be one year old, with a difference of one year in the age of 
every succeeding two gradations. (See Pig. 50 on page 218.) 

If the annual returns are to be equal in volume and the 
quality of the locality is the same throughout, then all age 
gradations must be of the same extent; if different qualities 
occur, the areas of the coupes must be in inverse proportion 
to the quality of the locality. A series of age gradations so 
arranged is called a normal working section. This subject 
wilt again be dealt with further on. For the present it is 
assumed that the quality of locality is the same through¬ 
out. 
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P'requently, a number of ago gradations are thrown together 
into an age class. The ^following questions thus arise :— 

(1.) What is the area to be cut annually under the different 
methods of treatment ? 

(2.) What is the size, or extent, of the age classes ? and 
(3.) How should the age classes be distributed over the 
forest ? 


1. The Annual Coupe, or the Area to be Cut Annually. 

This differs according to the method of treatment, (b'or a 
doscrijition of the latter, see page 92 of Volume IL, fourth 
edition.) 

a. Coppice and Coppice with Standards. 

The annual coupe is determined by dividing tho total area 
of the forest, or working section, by the number of years in 
the rotation under which the coppice is worked. 

Let total area = A, and the rotation of the coppice = r, 

then the annual cutting area « =^. This holds good for tho 

coppice with standards system, because tho annual cutting 
area is governed by the coppice only. 


1). Clear Cnttinf/ in Hiyh Forest. 


Here again: 


c 


A 
r ' 


it each clearing is at once re-stocked. It frequently happens, 
however, that the cleared coupes lie fallow lor one or more, 
say 8, years; in that case: 

A 

j- -f «’ 

so that the forest consists, immediately before cutting, of a 
series of age gradations from 1 to r years old and s blanks, or 
altogether r -f s coupes. 
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c. The Shelter-wood Comfartment System. 

Under this system, the regeneration of each coupe extends 
over a number of years, say m; hence, it is necessary to throw 
m annual coupes together into a regeneration coupe, the crop 
on which, by gradual cuttings, is led over in the cotirse of 
m years into a young wood. The size of the regeneration 

coupe is, therefore, = ~ x m. 

In this ease, the first of the successive cuttings towards 
regeneration may be made— 

Kither in the year r, so that the trees removed at the end 
of the regeneration period would be r + m years old, and the 
w 

meiin ago »' + 2 ; in other words, the procedure would 

lead to a raising of the rotation from r to r + ^ years ; 

Or, the first cutting may be made in the year r — and 

a 

the last in the year r + so that the mean final age comes 
to r years. 

In the present chapter the latter is assumed. 


d. The Selection System. 

Strictly speaking, the annual coupe is equal to the total 
area of the forest. For convenience sake, however, the cuttings 
of each year are restricted to a portion of the area, so that it 
takes a number of years to go round the forest, and before 
cuttings are again made on the same area. If that number 
is I, then— 

Annual cutting area = y. 

Example .—In the beech forests of Buckinghamshire, which 
are worked under the selection system, it is usual to go round 
once in seven years; in that case the annual cutting area 
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wonld be equal to In other oases, as in the Indian sdl and 
teak forests, I is longer, generally from 15 to 40 years. 

2. Size of the Age Classes. 

In forests of some extent, which are worked under a high 
rotation and especially those regenerated naturally, it is, as a 
rule, impracticable to separate the annual cutting areas, so 
that a regular series of age gradations, differing by one year 
in age throughout, exists. In these cases, it is necessary to be 
satisfied with larger groups, that is to say, to join a number 
of age gradations into an “ age class.” The normal size of 
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Fiff. 45.—A normal Scries of Age Classes, treated under the Uniform System. 


such an age class depends on the area of the annual coupe 
and the number of such coupes thrown together. 

If a class contains n gradations, its area would be = X c. 

The number of age classes = - is variable. 

n 

Another way is to fix the number of age classes; in that 
case 11 is variable, but this procedure is not to be recommended, 
as it is likely to lead to confusion. 

It is usual to take for n a round number, say 10, 20, or 
even 80; in coppice woods, n is usually taken as = 5. The 
age classes are numbered. It is best to call the youngest I., 
the next youngest II., and so on; for instance, if n = 20— 

First age class I., contains all woods up to 20 years old. 

Second „ H., „ „ from 21 to 40 years old. 

Third „ III., „ „ „ 41 to 60 „ 

And so on. 
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In this way, the number of the age class indicates directly 
the limit of ages of the woods contained in it. The reverse 
method, of calling the oldest age class I., the next oldest II., 
etc., is less desirable, but unfortunately it has been largely 
adopted. 

The number of years included in an age class is called a 
“period,” and the area dealt with in the course of a period is 
called a “ periodic coupe ” (French: “ Affectation ”). 

The area of the age classes under the several methods of 
treatment will be as follows:— 


a. Clcnr Cnttinij in Hvjh Forent. 

The area of each ago class, C, in a normal state, is— 

C = n X c = n X-"^, or C = nX —, 

according as to whether each clearing is at once re-stocked, or 
allowed to lie fallow for s years. 


Example :—Lot area A = 1,(K)0 acres, rotatiou r = 100 years, « = 0 
years, it =■ 20 years. 

Then, 

A 1 1 A- ^ bOOO 

Annual ago gradation = — = = 10 aci os ; 

and the age olasses : 


(■\ (1 - 

20 3'ears old woods) = rXw=10x20 = 

200 acres. 

Gi ( 21 - 

40 „ 

,» ) = M = » = 

200 „ 

( 41 - 

60 

»»)“»!“ ~ 

200 „ 

C. (01- 

80 

»»)=»»= J» = 

200 „ 

0 , (81- 

100 

)*)=>’»= >♦ = 

200 „ 


A =1,000 acres. 


h. Shelter-wood Compartment System. 

As already explained, under this system the old crop is 
gradually led over into a young wood in the course of a 
number of years which has been indicated by m. There is 
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always an area under regeneration which contains a certain 
number of old trees and young growth, and this may be called 
tJie regeneration clau = C,; it wanders gradually through the 
whole forest, until, at the beginning of the second rotation, it 
is found in the original position. As regeneration in some cases 
takes only a few and in others more years, it is impossible 
to define its duration accurately, and least of all can m be 
placed equal to n, the number of years in the period. Under 
these circumstances, the arrangement of age classes can 
be indicated only approximately, somewhat in the following 
manner:— 

Cuttings in the oldest age class commence when the crop 
IS r — years old, and the last cuttings occur when the crop 


is r + 2 years old; then the annual cutting area, as before. 


A A 

= —, and the area of the regeneration class = X m. If 
r ° r 

m < n, then the regeneration class contains areas as yet 

blank, young trees from 1 to m years old, and the remaining 

Vi 

old trees up to r + years old. It forms part of the 


youngest age class, Ci- Now, it may happen that m = n; in 
that case the youngest age class does not exist by itself, but 
is identical with (?„. Again, it may occur, that m > )i, in which 
case C„ contains not only the youngest age class, but also 
a portion, if not the whole, of the second age class. Hence, 
the size of the several age classes may be expressed as in the 
following example, assuming five age classes:— 


(1.) m < n. 

Cp = ^ X w ” '^) 

- X n (7„ = - X M 

)• r 

Ci = -Xn Ct = -X« 

V T 


Emmple ;— m = 15; n = 20; r = 100; A = 1,000 acres. 
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Then 


(2.) m = H. 
ExampJe :— 


C„ = 10 X 15 = 150 acres, 
t’l = 10 X 5 = 50 „ 

C\ = 10 X 20 = 200 „ 

Ps = 10 X 20 = 200 „ 

C4 = 10 X 20 = 200 „ 

C\ = 10 X 20 = 200 „ 

Total = 1,000 acres. 


m = n = 20. 

0„= -■ X m = 200 acres. 
r 

Cl = ^ (a — m) = 0 „ 


c \ = - 

X n 

= 200 

= ~ 

X n 

= 200 

r 

X n 

= 200 

* r 

^•■6 — “ 

X n 

= 200 


Total = 1,000 acros. 

(.3.) m>‘ n, but m < 2 X «. 

Examiile :— m = 50. 


= — X 

= 300 acres. 



C\ = 

= 0 „ 

C4=^(2X 

r 

« — to) = 100 „ 

c„ = — X J1 

= 200 „ 

r 


0, = - X « 

= 200 „ 

r 


Ci =— X » 

= 200 „ 

'* T 



Total = 1,000 acres. 


It is obvious that, for the shelter-wood system with natural 
regeneration, the above allotment is only of an ideal character, 

F.M. ^ 
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because the duration of regeneration is so uncertain. The 
regeneration class, the oldest and youngest classes are subject 
to modifications amongst themselves, so that they cannot 
easily be separated the one from the other; hence, they are 
best thrown together. The important point in that case is 
that the middle-aged classes are of the proper size. The 
allotment may then be represented as follows:— 


Examjih :— 


A 

= — X » = 

r 

200 acres. 

A 

— — X n = 

200 „ 

r 


= ~ Xu = 

2(X) „ 

r 


11 

1 

Cc 

X 

II 

400 „ 


Total — 1,000 acres. 

Or again, if regeneration extends over a still longer iieriod:— 

C 5 = — X « = 200 acres. 

r 

0,=~Xn = 200 

Q -I" (4 Cl + 62 — — (/* — 2 X «) = 000 ,, 


Total = 1,000 acres. 


c. Coppice Woods. 

As the rotation of coppice woods is short, it is usually^ 
possible to mark' the annual coupes on the ground, so thatft 
grouping in age classes is not necessary. If the latter should^? 
nevertheless, be considered desirable, generally not more than 
five gradations are thrown together, so that Ci comprises the 
1 - to 6 -years-old gradations, C 3 those from 6 to 10 years, etc. 

Area = 200 acres, 
r = 20 years. 
n ~ 5 „ 


Example :— 
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The arrangement of ago classes would 1)0 normal, it- 


Ci — 


200 

50 acres. 

20 ^ ® “ 

200 , 

50 „ 

-20 X 5 = 

200 

50 „ 

20 X 5 = 

200 

50 „ 

20 X * = 

Total = 

200 acres. 


il. Coppice inili Stamlanh. 


Here each coupe contains coppice (underwood) and standards 
(overwood). As far as the underwood is concerned, the 
arrangement is exactly the same as in the case of simple 

coppice; the annual ago gradation is = j, and the age class, 
if any, = — X «. 

The distribution of the overwood, in its normal condition, 
is somewhat peculiar, which may usefully be explained here, 
though it is only of a thcoretivol value. 

In the first place, it should be remembered that cuttings in 
both the under- and ovcrwood on the same area must be made 
at the same time, or rather those in the overwood must be 
made immediately after the underwood has been cut over, and 
before the new coppice shoots appear; hence, the rotation R 
of the overwood must be a multiple of the rotation r of the, 
underwood, say R =■ r X f. 

In each annual coupe, when cutting comes round to it, a 
certain portion of the underwood (chiefly seedling trees) is 
left standing to form the youngest age gradation of the over- 

wood. That portion should occupy an area = jp assuming 


that each age gradation of the overwood occupies the same 
extent of ground. The area occupied by each age class of 


overwood comes to 


R 


X r '■ 


A 

t ■ 
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Assuming now that the youngest overwood class, 1 to r years 
old, though still forming part of the underwood, is already 
counted as belonging to the overwood, then there are t over¬ 
wood classes. The latter are not separated according to area, 
as in the case of clear cutting or coppice, but t gradations are 
standing mixed on each annual coupe, so that each of the 


latter contains 



r 


part of each overwood class. 


Immediately before cutting, the arrangement would be os 
follows:— 


Underwowl, Age in Ytsiis. 

1 

2 

8 



r' 

r 

Ovcrwooil Ago Class Ci agti 
„ Vi „ 

» » » ('a >• 

1 

r + l 

2r + l 

2 

2 

2r + 2 

8 

r+3 
2r4 3 



r-l 

2r-l 

8r-l 

r 

2 X r 

3 xr 

. Or- 

(l-I) r + l 

(<-l) r + 2 

(i-1) r + 3 



<xr-l 

i X r 


It will be seen that a normal coppice with standards forest 
must have an overwood which consists ot t X r = R age 
gradations ranging from 1 year up to U years old. 

Examiik .—A forest of 200 acres, worked under a rotation of 20 years 
for the underwood and 100 years for the ovorwood, has = 5 ovorwood 
classes. On the 10 acres which are about to bo cut will be found— 

Underwood = 20 years old 

Overwood = 20,40, 60,80 and 100 years old. 

The next oldest coupe contains— 

Underwood = 19 years old 

Ovorwood = 19, 39, S9, 79 and 99 years old. 

The youngest coupe contains— 

Underwood = 1 year old 

Ovorwood = 1, 21, 41, 61 and 81 years old. 

The figures, 46, 47, 48 and 49 on pages 214, 215 illustrate 
the distribution of the several age gradations over the area. ' 
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The area occupied by each overwood class can be determined 
only by assuming that each gradation occupies an equal 
extent of ground; hence, the youngest gradation will have most 
trees and the oldest least. Imagining now that the age classes 
of the overwood were not intermixed, but that the trees of each 
class were brought together on separate areas, then the over¬ 
wood, apart from the coppice, would form an open high forest. 
Of these woods, the youngest would contain the standards from 
1 to r years, the next those from r 1 to 2 r years, and so on. 
By degrees, the youngest class passes through all the inter¬ 
mediate stages, until it becomes the oldest and is cut over in 
the course of r years. At each annual cutting, therefore, an 
equal area must be cut over, on which the new, that is the 
youngest, gradation is started, either naturally or artificially. 

The annual coupe is c = — and A = c X r. 

The number of over wood classes is = ^ = f, hence— 


li = t X r. 

Area of each age class on each annual coupe = ^ = t^r ~ t’ 
or, 

200 200 10 „ 
i00="Fx20= 5 


As the whole forest consists of r coupes, each overwood 
class, consisting of r gradations, contains, in a normal forest, 

- X r = ~ units of area, or _ = 40 acres. This shows 
t t 5 

that, theoretically, the proportion of the age classes is the 
same as in high forest, although the distribution is different. 


Jirample .—Data as before. 

A = 200; R — 100; r = 20, immbor of overwood classes ( = 5. 

Normal annual cutting area c = = 10 acres. 

On each coupe each age gradation ) * _ ^ — 2 acres 
of overwood occupies . . t < 5 ~ 




I'ig. 40.—Coppice with Standards. 

notation of underwood = 2(» yesirs. llotatiou of overwood = 100 years. 
Coppice just cut. 



Fig.'48.—Coppice with Standards. 

Rotation of underwood « 20 years. .Rotation of overwood « 100 years. 
Age of coppice, 20 years. 
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The area and distribution of the several age classes is as follows 
Coupe No. 20, oldest: 

Underwood = 10 acres = 20 years old. 


Overwood on 

2 


= 20 „ „ 

»> 

2 

,, 

= 40 „ „ 

M >» 

2 


= GO „ „ 

ft it 

2 


= 80 „ „ 

ft »» 

2 

»» 

= 100 „ 

youngest: 




Underwood = 

10 acres 

= 1 your old. 

Overwood on 

2 

V 

~ 4 )) I) 

it ft 

2 

ft 

= 21 years „ 

ft 

2 

ft 

= 41 „ „ 

ft ft 

2 

if 

= «1 „ 

M 1) 

2 

ft 

= 81 „ 


The normal state of the age classes in the case of coppice 
with standards is of a still more ideal character than in the 
ease of the shelter-wood compartment system ; it can only 
serve as a mathematical guide for the treatment of such woods, 
as it gives some idea of the relative number of trees which 
should be found in each class or gradation. Each of these 
should occupy about the same area; hence, the youngest class 
must contain a large number of trees whicb is gradually 
reduced to a comparatively small number in the oldest age 
class. The actual proportion in these numbers depends on 
the species and the quality of the locality. 


e. The Sekction Forest. 

If the annual cuttings extend over the whole area, then all 
age classes are, theoretically spealdng, represented in all parts 
of the forest; if, on the other hand, the cuttings pass over the 
forest in the coarse of a number of years, say, I, then the age 
classes will gradually become located similar to the distribution 
of the overwood in a coppice with standards forest. The 

number of age classes will, theoretically, be equal to ^ 
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faamp/e.—Let Ji = 1,000 acres; r = 100; I = 20; then each annual 
cutting area = -^ = —^ = SO acres, and the distrihutiou would 
approximately be as follows 



Coujje No, 1 [youngest). 


Coiijie No. 2. 

1 your old trees = 10 acre,s 

2 

year old trees = 10 acres 

21 

„ „ „ ^ 10 „ 

22 

„ „ „ = 10 „ 

41 

tt ,, ,, — 10 ,, 

42 

It II II ” 111 j, 

01 

.. = 10 „ 

02 

■.= 10 „ 

81 

.= 10 „ 

82 

.= 10 „ 


Total = 50 acres 


Total = 50 acres 


Coupe No. 19. 


Coupe No. 20 (oMest). 

19 

years old trees = 10 acres 

20 years old trees — 10 acres 

39 

>» u » — 10 ,, 

40 

,1 II „ =10 „ 

09 

„ == 10 

00 

„ „ =10 „ 

79 

M „ = 10 „ 

80 

„ „ =10 „ 

99 

» „ „ = 10 „ 

100 

» }» »j ~ 10 ff 


Total = 50 acres 


Total 50 acres 


Each year the 100 years old trees in the oldest coupe would bo cut, and 
they should cover an area cfiual to one-fifth of the coupe, equal to 
10 acres, thus cutting once the whole area of the forest in 100 years. It 
is needless to add that such regularity is never reached in ju-aclical forest 
managcuicnt. 

8. Distriuution of thk Agk Cl.^sses over the Foeebt. 

By a normal distribution o! the age classes is understood 
that which admits of a proper succession of cuttings, so that 
each wood is cut at the proper ago, and that the other woods 
are protected against external dangers, in so far as this can be 
done by careful management. 

It has already been explained that every deviation from the 
normal age interferes with the full realisation of the objects of 
management; hence, the age classes should be so distributed 
that no such deviations are called for. Of special importance, 
in this respect, are threatening dangers, such as damage 
by strong winds, dry air currents, danger from frost, fire, 
insects, etc., and sometimes considerations for a successful 
regeneration. 
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Strovg winds or gales are a most important consideration. 
Their prevailing direction must be ascertained, and cuttings 
must proceed against it. Assuming that the strong winds 
generally blow from the west, the youngest age class should, 
at the commencement, bo situated at that side and the oldest 
on tho east, so that the cuttings proceed gradually from east 
to west. (See diagram. Fig. 50, upper part.) In this case, 
the younger age classes gradually break the force of the wind, 
while the youngest (in the diagram) will gradually grow up 



Amingcd in oiio Cuttinf; Serion. 


36 97 93 9a 'too 



J 


* Arranijed in llvo Cutting Soiiflu. * * 

Fig. 50.—A normal Series of Age Gradation.^, treated under llie Clear Cutting 
System. 


exposed to the strong wind ; its edge trees will develop 
strong root systems, and the wood will then be able to resist 
the force of the wind when it grows up to become the oldest 
age gradation. 

In determining the prevailing wind direction, it must not 
be overlooked that it is frequently changed in hilly and 
mountainous tracts according to the direction of the valleys 
and hill ranges. 

Drg winds may frequently blow from a direction differing 
from that of strong winds; in that case, the forester must 
decide which is the more important consideration of the two, 
and determine the cutting direction accordingly. Frequently, 
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the seeds of trees, fall under the effect of a dry wind, so that 
the cleared areas which are to be naturally regenerated must 
be situated to the leeward of the seed-bearing trees,- as, for 
instance, under the strip system with regeneration by seed 
fallen from trees standing on the adjoining area. 

iMiye dfarimiH in one place are generally objectionable, 
because the soil is liable to dry up, and damage by frost is 
more likely to occur ; hence, in extensive forests the area to 
be cut annually may have to be divided into a number of 
small coupes situated in different parts of the forest. 

Insects and fire are likely to be most injurious when several 
cuttings made in consecutive years adjoin each other, because 
the former wander from one coupe to the next, while fire 
spreads more rapidly in young woods, than if they are 
interrupted by older woods. 

These circumstances demand in many cases, and especially 
where clear cutting is practised in coniferous woods, that a 
second cutting should not be made in any locality, until the 
former coupe has been successfully re-stocked. This leads to the 
splitting up of a working section, or a series of age gradations, 
into several sub-divisions which are called enttiny series. 
Supposing, ill a forest worked under a rotation of 100 years, 
it was considered necessary not to cut in the locality adjoining a 
previous cutting except after a lapse of 5 years, the series of 100 
age gradations would be divided into five cutting series, of which 
each would comprise 20 coupes. (Hee Pig. 50, lower part.) 


Cutting Series A -would oomprise the coupes now 100, 95.. 10, 5, years old. 

H „ „ „ „ 99,94.. 9,4, „ „ 

0 „ „ „ „ 98,93.. 8,3, „ „ 

D „ „ „ „ 97,92.. 7,2, „ „ 

E „ „ „ „ 90,91.. 0,1, „ „ 


As a general rule, a careful distribution of the age classes 
over the area of the forest is of special importance in the case 
of species which are easily thrown by wind, liable to attacks 
by insects, to danger from fire and frost, and also those which 
are difficult to regenerate naturally. In all these cases, a 
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distribution must be aimed at which allows the cutting of each 
■wood wh^n mature, without thereby endangering, on the one 
hand the adjoining woods, and on the other the successful 
regeneration of the cleared area. 

The above considerations must specially guide the forester 
in the case of forests worked under the systems of clear- 
cutting, and also of the shelter-wood compartment system. 
They are of loss importance in coppice, coppice with standards, 
and selection forests; but even here the cutting direction 
should be carefully determined. 

At the same time, the forester should not go to extremes, as 
there is something to be said on both sides. 

Reasons for adjoining the annual coupes are :— 

(1.) Best security against damage by storms. 

(2.) Reduction to a minimum of damage by overhanging 
trees. 

(3.) Production of a larger percentage of high class timber. 

(4.) Reduction of the cost of transport of forest produce. 

Reasons against adjoining the annual coupes are :— 

(1.) Increase of danger through lire and insects. 

(2.) Reduced protection of young growth against raw or dry 
winds. 

The subject will again be referred to in Part IV., when 
dealing with the division and allotment of areas. 
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THE NOBMAL GEOWING STOCK. 

It has been stated at page 171 that by the normal growing 
took is understood that present in a forest which has a normal 
iroportion of age classes and a normal increment. This being 
0 , the forester need only see that the age classes and incre- 
nent are normal, and the normal growing stock will he present 
,s a natural consequence. 

It happens, however, that, as far as quantity is concerned, 
he normal growing stock may be present if neither the 
lormal age classes nor increment have boon established ; for 
nstance, it the deficit in one age class is made good by a 
urplus in another. If, in such a ease, an annually equal 
[uantity of wood were cut, it would lead to a deviation from 
he normal final age and consequently to loss. Indeed, the 
lormal growing stock according to quantity might be present, 
f the whole forest consisted of only one uniform age class 
)f about hall the normal final age. In that ease, no ripe wood 
it all would be found in the forest, and cuttings would have 
)0 be suspended lor a considerable number of years. 

Under these circumstances, the normal growing stock 
neasured by a certain number of cubic feet is of subordinate 
importance in determining the yield of a forest, and yet it is 
useful to look at its determination for the following two 
reasons:— 

(1.) Because the yield, taken out of a forest in the course of 
a rotation, consists partly of the growing stock which 
was present at the beginning of the rotation, and partly 
of increment added to that growing stock during the 
rotation. 
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(2.) Because several methods base the calculation of the 
yield upon the difference between the normal and real 
growing stock. 

The amount of the normal growing stock depends on the 
length of the rotation ; the higher the latter, the greater the 
former for one and the same area. 

In calculating the normal growing stock, only the principal 
part of the woods which gives the final yield is taken into 
account, because, as previously explained, the determination 
of a sustained yield is, in the first place, based upon the 
final yield. 

The normal growing stock can be looked at from the 
volumetric or the financial point of view. 

1. Calculaiion op the Normal Growino Stock as regards 
ITS Volume. 

a. Clear Gutting in High Forest. 

It has already been explained on page 140 that, under the 
system of clear cutting, the normal growing stock consists of 
a series of age gradations ranging from 0 years old to »•—1 
years old, with a difference of one year between the ages 
of every two succeeding age gradations; this occurs in a 
temperate climate in spring, before the annual increment has 
been laid on. 

(1.) Calculation from Yield Tallies.— li a yield table is 
available for a forest which gives the produce standing in it 
from year to year, the normal growing stock is equal to the 
sum of all the growing stocks given in that table from the 
year 0 to the year r—1 ; that sum would represent the 
normal growing stock of r units of area for spring. 

If the yield table, and this is generally the case, gives the 
volumes only from period to period, say for every n years, then 
the approximate amount of the normal growing stock can 
be calculated (according to Pressler) by assuming that the 
volumes rise within each period of n years according to an 
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arithmetical series, that is to say, by adding the same 
number of cubic feet each year. 

Let the volume in the year 0 =0 cubic feet, 

9f if 99 

99 99 99 

99 99 99 

99 99 99 

then— 

71 I 1 

Total volume from the year 0 to the year,);,—a=(0+a) X — J — a 

2 

„ „ «„ 2 X & 

,, ,, 2 X M ,, 3 X H, — c = (1/ -f- c) X —c 

„ „ 3 X ft „ 4 X « = (c + d) x’-^. 

Total volume from 0 to 4 X ft years = 

(o + 2 a + 2 1 . + 2 c + d) - + ;, + cj 

= + {a + h + c + ‘^- (a + h + o) 

Normal Gr. Stock, = n -f- b + o + ^ ^ 

This is the calculation for aiitiimit. 

If the oldest ago gradation is cut away during winter, the 
normal growing stock in spring must be d cubic feet less than 
that in autumn, that is to say 

G„ in Spring = n + b + o + 

In spring, the growing stock consists only of a series of 
gradations running from 0 to (r—1) years old. In the course 
of the summer (the growing season) the series is brought up 
again to one running from 1 to r years old. If, therefore, 
the calculation is made for the middle of summer, it may be 
assumed that one-half of the annual increment has been laid 


2 X ?( = h 

8 X ft = c 

4 X n = d. 
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on ; in other words, that the growing stock is then equal to 
the arithmetical mean of those in spring and autumn:— 

Summer’s middle = n -|- b -|- u + 

Jiramjilc. - A forost of 100 acres, to which the (lata given in the table 
at page 120 apply, worked under a rotation of 100 years, has the follow¬ 
ing normal growing stock:— 

In antumn = 10 (100 + BOO + 1,170 + 2,8;10 + 3,940 + 4,690 

-j- 5,250 -f- 5,(20 6,100 3,205^ -|- 3,205 

= 10 X ;)3,B05 + 3,205 == 339,225 cubic feet. 

In spring ™(ln^r,ma = 10 X 33,005 - 3,205 = 332,845 cubic feet. 

In summer = 10 X 33,005 =; 336,050 cubic feet. 

The same forest, if worked under a rotation of 80 yeai-s, would have, 
for summer, the following growing stock;— 

«i6’„ = [lO (100 + 000 + 1,170 + 2,830 + 3,940 + 4,090 + 5,250 + 2,860) 

— 2,80oJ yU* = 264,425 cubic foot, which is considerably less than 

if the area is worked under a rotation of 100 years. If, therefore, 
the rotation were reduced from 100 to 80 years, 332,845 - 204,425 
= 68,420 cubic feet of wood would have to bo removed in addition to the 
normal increment. 

(2.) Calculation irith the Mean Annml Increment .—A 
shorter, but less accurate, method of calculating the normal 
growing stock is based upon the assumption that the normal 
final yield is produced in annually equal instalments 
throughout the rotation; in other words, that the growing 
stock of the several age gradations forms an arithmetical 
series. Indicating one year’s increment by i, the growing 
stock in successive age gradations would be in the 

Year = 1,2, 3 . . r — 1, r. 

Growing Stock — i, 2 X i,S X i . . (r—l)i,ri. 

and their sum G» = (i -f r i) r i X 

As r X i represents the growing stock of the oldest age 
gradation, and is also equal to the total increment, I, laid 
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on by all age gradation during one the above formula 
may be written thus;— I 


This is the growing stock 
spring, it is (?. = ^ 

Cr„ = 


X r ,\1 
' 2 '*'1 2 ' 

calculajted for autumn. For 
, and fo)r the middle of summer 

I Xr\ 

' 2 'i' 


The growing stock calculated accoij'ding to this formula is 
larger than that calculated from yitfld tables for short, and 
smaller for high rotations. The subjoined table shows this. 



1 

Normal GrowiliB Stock, for tlie MliMIe of Sumiimr. 

Jjerigth of 

CalculatiAfl from a 

Calriilft+4t«l from the 

Excess of Calculation 

Years. 



from Moan Annual 

Yield Table. 


Increment. 


Cubic feet. 

OubijC feet. 

Cubic feet 

30 

12,850 


,650 

4- 4,700 

40 

32,«r)0 

.561,600 

+ 23,750 

60 

06,700 

96 

,500 

+ 31,800 

60 

109,S5() 

140 

,700 

+ 30,850 

70 

159,650 

183 

,750 

+ 24,200 

80 

2U,400 

228 

,800 

+ 14,400 

90 

273,.'.00 

274 

,500 

+ 1,000 

100 

336,050 

320 ,u00 

- 16,550 

110 

401,550 

367 

,950 

- 33,600 

120 

460,750 

417 

,000 

- 52,760 


b. Shelter-wood Compar^^wt System. 

The normal growing stock is the same as for the clear 
cutting system, provided the regei leration cuttings are so 
arranged that one-half are made b afore the year r, and the 
other half after it. Strictly speakir ig, this is only correct if 
the timber in the regeneration class is removed in annually 
equal quantities, and if regeneration takes place in the middle 
of the period. In reality, this oc 5nrs only rarely, but the 
deviations compensate each other in the long run; anyhow, a 
more accurate determination is prac tioally impossible. 

Q 


F.M. 
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c. Coppice mid’ Coppice with Standards. 

The calculation for 8^Inple coppice is the same as in the 
case of clear cutting in high forest. 

For coppice with standards forest, the calculation must be 
made separately for under- and overwood, and the results 
added together. The dormer is of small account, as the 
presence of the overwoc'd reduces the quantity of the under¬ 
wood considerably. 

The calculation of the- normal growing stock of overwood 
is a complicated and uncertain operation and at the best only 
of theoretical value. It "must he based upon the number of 
trees and the average ’volume per tree in each age class 
somewhat in the followi'?ig manner:— 

If the normal number iof trees in each of the r, 2 r, 3 r . . . 
old age gradation is knovi^n, and also the volume of the average 
tree in each of these gra dations, then it can be assumed that 
the trees increase in vo lume within each class according to 
an arithmetical series; ^this makes it possible to interpolate 
the volume of the treeai r -b 1, 2 ?■ -|- 1 . . . years old. In 
that case, the normal grc'wing stock of the first age class would 
be expressed by— 

+ v^), 


where V„i represents th% volume of all trees r -f 1 years old, 
and Fa, that of all trees r years old. In the same way, the 
next age class would be ri'epresented by— 


and so on. Adding all pf ositions together, the normal growing 
stock of overwood comes ' to— 



(f,+i + Fa, -j-1 V+i + Fs, -f ... + F( 


(»»-l)r+i 



This amount does not comprise the youngest age class of 
all which still forms par .t of the underwood. Its volume is, 
however, very small, and kj may be neglected. 
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Example :— 

Area of a coppice with standards forest = 100 acres. 
Eotation of underwood = 20 years. 

„ „ overwood = 100 „ 

Number of overwood classes = ^ = 5. 

Area of eacli coupe = 5 acres. 


Age of Gradation. 

Number of Treoa 
in Gradation. 

Mean Volume 
per Tree. 

Total Volume of 
Gradation. 


Cubic feet. 

Cubic foet. 

21 

200 

•2 

40- 

4(» 

200 

2- 

400- 

4] 

130 

2-65 

344* 

60 

KIO 

15- 

loriO- 

61 

80 

15-75 

1260- 

80 

80 

30- 

2400- 

81 

40 

31- 

1240- 

100 

40 

50- 

2000- 


(40 + 400 + .S44- + I.OW) + 1,260 + 2,400 + 1,240 + 2,OOo). 

tj'ii = 10 X 9,634‘ = 06,340 cubic foot, or per acre = 963 cubic feet. 
In practice, such (aloulations aro rarely made, but they give a clear idea 
of the proportiou which ought to exist between the several age classes. 

d. The Selection Forest. 

The growing stock of a normal selection forest may be 
placed equal to that of a forest under the clear cutting system, 
as all the age gradations are represented in a similar way, 
though differently arranged over the area; hence, it can be 
ascertained by summing up the quantities given in a yield table. 
At the same time, the calculation is likely to be less accurate, 
since the younger age gradations stand under the shade of the 
older trees, and it is difficult to say, in how far the loss of 
increment of the former is covered by an increased increment 
of the latter. 


2. Calculation op the Financial, Value op the Normal 
Growing Stock. 

, The various methods of calculating the financial value of the 
normal growing stock have been explained at pages 140 to 143. 

Q 2 
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It has there been stated that the same results are obtained, 
whether the value is calculated as the cost value, expectation 
value, or the capitalised rental of the growing stock, provided 
that the expectation value of the soil is introduced into the 
account. In each of these cases, the value is expressed, for r 
units of area worked under a rotation of r years, by the 
formula 

Y, + T. + .. . + T, - (0 + r X e) 

-- -rXS., 

in words, the normal growing stock is equal to the capitalised 
annual net rental minus the expectation value of the soil. As 
it is impossible to keep a forest always in the normal state, 
it follows that the financial normal growing stock has only a 
theoretical value, which assists in the comprehension of the 
working of the capital invested in forestry, but is of little 
importance in determining the yield of forests. 
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CHAPTER V. 

THE NOKMAL YIELD. 

By the normal yield is understood that which a normal 
forest can permanently give. The yield may he annual, or 
intermittent. Instead of determining the yield for each year, 
or certain intermittent years, it can be ascertained for a 
number of years, in which case it is called the periodic yield. 

The yield is composed of the final and intermediate returns. 
The regulation of the yield deals principally with the former, 
for reasons wliich have been explained at page 169. 

The yield of major produce is further sub-divided according 
to the different classes of wood, such as timber, cord-wood, 
fagots, root-wood, etc. In order to bring them into the account, 
all the different classes of produce are reduced to one common 
standard, that is “ the solid cubic foot.” 

The yield can be determined by area and volume, or by its 
financial value. 

1. The Yield Determined by Area and Volume. 
a. Clear Catting in High Forest. 

Tim Normal Fiml Yield is equal to the volume which stands 
on the oldest ago gradation. 

A A 

The normal cutting area is c = ^ or = according as to 

whether the cleared area is at once re-stocked or allowed to lie 
fallow for 8 years (see page 204). The volume standing on c 
must be equal to the volume of the oldest age gradation in a 
normal series of age gradations, if it is to give the normal 
yield. 

. A A 

The periodic normal coupe is = — X n, or = —^ X n. 
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Example :— 

Area of forest. . = 1,000 acres 

Rotation . . . = 100 years 

Annual cutting area = = 10 acres, 

1(H) 

if the area ie at once re-ntocked. 

The animal yield of final returns, according to the table at page 120, 
amounts to 6,410 + 307— 6,807 cubic feet per acre ; for ten acres 
= 6,807 X 10 = 68,070 solid cubic feet. (Final yield during every 
period of 20 years — 68,070 X 20 — 1,361,400 cubic feet.) 

Intci'iiiediatc Yields .—These consist of all the thinnings 
which are made. 

Taking the same table, the following thinnings would bo made in each 
year 

In the coupe 30 j'ears old = 10 acres, each giving 57 c' = 570 


tf 

„ 40 „ 

= 10 „ 


„ .353 c' = 3,530 

ft 

„ 50 „ 

„ =10 „ 


„ 524 c' = 5,240 

tf 

60 „ 

=10 „ 


,, 565 c' — 5,650 

tf 

70 „ 

„ = 10 „ 


,, 536 c' — 5,360 

ft 

80 „ 

„ =10 „ 


„ 493 c' 4,930 

„ 

„ 90 „ 

„ =10 „ 


„ 44(i c' -- 4,460 


Total = 29,740 

Toliil Normal Auniml Tiehl = 68,070 + 29,740 = 97,810 cubic feet. 

The total normal annual yield must be equal to the total 
annual increment. To cut less than that amount leads to a 
higher rotation, and rice rersd. 


h. Shelter-wood Compartment,System. 

The calculation of the yield is the same as under the system ' 
of clear cutting, as long as the rotation r is maintained. If 

regeneration is commenced later than in the year r — the 

rotation ie increased, and the calculation must be made accord¬ 
ingly. Supposing the first cutting is made in the year r, and 

the last in the year r -f- m, then the rotation = r -f and the 

mean annual cutting area = — 

r + ^ 














DETERMINED BY AREA AND VOLUME. 


281 


Example ;— 

Let m = 20; then rotation = 110 years. Annual cutting area = 
~ ^ acres. Volume standing on an acre at the age of 110 years 
= 6,690 + 3S4 = 7,024; hence, annual yield = 7,024 X 9 09 = 63,848 
cubic foot. 

The intermediate yields would amount to .30,642 cubic feet, and:— 

Total annual yield = 94,490. 

The raising of the rotation has led to a reduction of the volume yield, 
because the mean annual increment began to decrease before the year 
100 . 


c. Selection Forest. 

If all trees which are cut in one year were brought together 

on a portion of the area, the latter should he = — ; hence, the 

yield is practically the same as in the case of clear cutting. 

Another way of looking at the matter is to determine the 
areh on which cuttings are made in each year; this has been 

placed above (page 217), = j- Everything which has to be 

cut on this area forms the normal annual yield. 


Example :— 

Area of a selection forest = 1,000 acres 
Rotation. . . . 100 years 

/ . . = 20 years. 


Then; 


, A 1,000 

Annual cutting area = = ^o" 


= 50 acres. 


On these 50 acres, the following material is cut 
(1.) All trees which have reached the age of 100 years. 

(2.) A certain proportion of trees in the younger ago classes, so as t( 
reduce them number gi-adually to that which should reach maturity at th( 

age of 100 years. • ■ 

These cuttings should give, theoretically speaking, the same yield as r 
the area were treated under the clear-cutting system. 


d. Coppice and Coppice, with Standards. 

The normal yield of coppice woods is calculated in the sam 
way as for clear cutting in high forest. In this case, th 
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annual cutting area is = ^ , and the volumetric yield is com¬ 
posed of the material standing on that area, plus thinnings in 
the younger age gradations. 

In coppice with standards, the annual cutting area is the 
same as in simple coppice. The normal annual yield consists 
of:— 

(1.) The underwood on the oldest age gradation, less those 
trees which are left to grow into standards. 

(2.) The contents of the oldest, li years old, age gradation 
of the overwood. 

(8.) The thinnings amongst the younger age gradations of 
overwood standing on the annual coupe, and occasionally in 
the younger underwood gradations. 

Example :— 

Taking the data given at page 227, the yield in overwood is aa follows:— 

40 trees (mature) 100 years old, each = 50 c' = 2,000 
40 „ 80 „ „ „ = 30 c' = 1,200 

50 „ 60 „ „ „ = 15 c' = 750 

70 „ 40 „ „ „ = 2 o' = 140 

Total = 4,090 o', 

to which the volume of the underwood has to be added. 

The normal annual yield of overwood must also he equal to the annual 
increment laid on by all the overwood during one year, or 

7 = 2'0 X 200 -I- (15 - 2) X 130 -|- (30 - 15) X 80 -f- (50 - 30) X 40 
. T = 4,090 cubic feet 

As already indicated, this calculation is only of theoretical value. 


2. Thi Financial Value of the Normal Yield. 

The financial value of the normal yield is that which secures 
interest on all capital invested in a forest at the rate of the 
general per cent, p, at which money can be obtained for 
forestry, or at which money taken out of the forest can be 
invested with equal security as in forestry. The financial yield 
is realised, as long as a financial equilibrium on the above 
lines exists in the forest, that is to say, when the forest per 
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cent, is equal to the general per cent. p. This occurs under a 
rotation equal to that for which the expectation value of the 
soil reaches its maximum. 

Example :— 

Taking the data in the table at page 120, and a rotation of 80 years— 

ShiUnujx. 

Soil expectation value for 80 units of area = 80 X 404 . . = 32,320 
Financial value of normal growing stock (See page 141). . = 91,300 

Total = 123,680 

Financial Normal Y 123,680 x 'iVlo = 3,092 skillings; or 38*6o 
shillings for each acre of forest. 
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CflAPTEE VI. 

EELATIONS BETWEEH INCBEMENT, GEOWINQ 
STOCK, AND YIELD. 

Between the increment, growing stock, and yield of a 
normal forest relations exist which are of great importance in 
determining the yield. In order to bring them out clearly, the 
system of clear cutting in high forest will be used as an 
illustration. 

1. Allotment op Increment during a Eotation. 

Every normal series of age gradations contains, at the 
commencement of the rotation, the normal growing stock. 
Every year the oldest age gradation is cut over which gives the 
normal final annual yield, and this is replaced during the 
following growing season by the laying on of the normal 
increment. The latter is added partly to the old growing 
stock, and removed with it during the first rotation; but partly 
it accumulates on the cleared areas, forming a new growing 
stock which is carried over into the second rotation. The 
question then is, how the total increment of one rotation is 
divided between the two. 

Making the calculation for spring, the youngest age gradation 
is 0 years old, and the oldest r—1 years. The former grows 
for r growing seasons, and is cut over during the last winter of 
the first rotation, so that all its increment is removed during 
the first rotation; hence, all goes to the old growing stock and 
nothing to the new stock. The gradation now one year old 
grows for r —1 years during the first rotation, when it is out 
over. All the increment laid on during these years goes to 
the old growing stock; but that laid on during the last year is 
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not cut, but goes over to the second rotation. The gradation 
now two years old, grows for r—2 years during the first rota¬ 
tion, and the increment laid on during these years goes to the 
old growing stock; but the increment of the last 2 years of the 
first rotation is carried over to the second rotation, and so on. 
If the calculation is carried through on these lines, the follow¬ 
ing division of the total increment laid on during each rotation 
will be obtained:— 

At the commencement of the first rotation the normal 
growing stock is assumed to be present; it amounts, for an 
area of 100 acres and a rotation of 100 years, to 382,845 cubic 
feet (see page 224). The total increment laid on during one 
rotation amounts to 978,100 cubic feet (seepage 230). As the 
normal growing stock must again be present at the end of the 
■ first rotation, it follows that the total increment during each 
rotation is divided as follows :— 

Cut away with the old growing stock = 645,255 c' 
Carried over into the second rotation = 332,845 c' 

Total increment = 978,100 c' 

Of the quantity cut, 645,255 cubic feet, 297,400 cubic feet 
represent intermediate cuttings and 347,855 cubic feet final 
yields. 

2. Relation between Normal Yield and Normal Growing 
Stock. 

If the normal yield (!'„) is divided hy the normal growing 
stock (G„) and the quotient multiplied by 100, the result is 
called the “ utilisation per cent.” 

Y 

Dtilisationpercent. =-.y X 100. 

It gives the units of yield for every 100 units of growing 
stock, just as the increment per cent, gives the units of incre¬ 
ment for every 100 units of growing stock. As the increment 



!53B EBIATIONS BETWEEN YIELD AND OKOWING STOCK. 

, of a whole series of age gradations is equal to the yield of the 
. same, it follows that— 

Utilisation per cent. = increment per cent, of the whole 
series of age gradations. 

The utilisation per cent, must fall with the increase of the 
rotation, just as the increment per cent, has been shown to 
fall. 
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FOREST VALUATION. 

PonissT Valuation deals with the determination of the value 
of forest soil, the growing stock, the forest as a whole, and 
the rental derivable from the soil or the forest as a whole. 

These values must be determined in all cases of sale, or for 
the purpose of assessing forest property, or when it is pro¬ 
posed to divide a property. Soil and growing stock also form 
the capital invested in forestry, and their value must be ascer¬ 
tained for the purpose of gauging the financial success of the 
forest industry. The latter subject is generally dealt with 
in a separate part called, “ Forest Statics.” In the present 
instance it is proposed to compress that part into one chapter, 
and to add it to “ Forest Valuation.” 

. In order to deal with the matter here contemplated, it is 
necessary to explain the various methods according to which 
the value of property may be ascertained, to determine 
the rate of interest applicable to the forest industry, to give 
certain formula for calculating with compound interest, and 
to explain the methods of estimating receipts and expenses. 
All these matters will be dealt with in a preliminary chapter, 
and the subjects here under consideration will be arranged as 
follows:— 

Chapter 1.—Pniy^raiNABY MAvrEas. 

„ 11.—Valuation op Fokest Soil. 

„ III.— Valuation op the Growing Stock. 

„ IV.—Valuation of Whole Woods or Forests. 

„ V.—Valuation of the Efjital. 

„ VI.—Methods of Calculating the Financial 

Results of the Forest Industry and of 

DETERMINING THE MoST PROFITABLE TREAT¬ 
MENT OF Forests. 
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CHAPTER I. 

PEELIMINARY MATTERS. 

SECTION I.-YALUE OP PBOPERTY OENERALLY. 

PnopunTY means an object which serves for the satisfaction 
of a requirement. The degree of utility of a property indicates 
its value. 

The value of property may present itself in various ways 
A piece of property may possess value, because it can be used 
for a certain purpose (as articles of food), or for the production 
of another kind or class of property (as a set of carpenters’ 
tools, or raw materials). 

Again, the value of a property may be general or special; 
the former is that which a property has in the open 
market; the latter is that which it has for a particular 
person (as a piece of land situated in the middle of another 
estate), or under special circumstances (as a loaf of bread in a 
famine-stricken district). 

By the price of a property is understood the amount of 
another class of property which is offered for it in exchange; 
the ordinary means of exchange is money. 

The value of property can be ascertained in various ways, 
of which four must be mentioned :~ 

(1.) The expectation value, by which 'is understood the 
present net value of all yields, which a property may 
be able to give; it is determined by discounting to the 
present time all incomes derivable from the property, 
and deducting from them the present value of all 
expenses necessary for the realisation of the incomes. 

(2.) The cost value, or the total outlay on the acquisition 
or production, of a property. 
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(8.) The sale value, or the price which can be realised by 
the sale of a property; if the sale is open to general 
competition, the sale value becomes the nmrlcet value 
which depends on supply and demand. 

(4.) The rental value, by which is understood the capital 
corresponding to the rental which the property is 
capable of yielding. This value is ascertained by 
capitalising the rental according to the formula :— 

. , Eental X 100 11 X 100 

Capital = —7 -=-• 

^ rate per cent p 

It is commonly expressed as “ a certain number of years’ 
purchase.” 

In determining the value of a forest property, or indeed 
any other property, all calculations must be made with com¬ 
pound interest, as all money, whether principal or interest, is 
capable of again yielding interest. 

SECTION II.-OHOICE OP RATE OP INTEREST 

By rate of interest is understood the proportion between 
the yearly interest (/) and the capital (C) which has yielded 
it, as represented by the formula:— 

Kate of interest = 

By rate per cent., or shortly per cent., is understood the 
yearly interest yielded by a capital of 100; hence the per 
cent.:— • 

p = ^ X 100. 

The rate of interest applicable to an industry depends on 
many things, of which the most important are:— 

(a.) The degree of security of the investment and the 
safety with which it yields a return. In a general 
way, it may be said that the rate of interest should be 
inversely proportional to the safety of the investment. 
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(b.) The supply and demand of capital, which change from 
time to time and with the locality. 

(c.) The general credit of the country in which the in¬ 
dustry is carried on, in other words, the interest 
yielded by Government securities (called Consols in 
Britain). 

It follows that the general rate of interest applicable to the 
forest industry cannot be a fixed quantity, but that it changes 
with locality, time, and a variety of other circumstances. 

The question then arises, what rate of interest is applicable 
to the forest industry under a given set of conditions ? In 
attempting to answer this question the following points must 
be taken into consideration:— 

(1.) The safety of capital invested in forests. The soil 
offers (apart from changes in prices) almost absolute 
security. The growing stock is subject to damage by 
men, insects, fungi, wind, snow, rime, and, above all, 
by fire. The degree of danger from fire differs much 
according to species, method of treatment, length of 
rotation, climate, etc.; in temperate climates the 
damage keeps within narrow limits. 

(2.) The price of forest produce is, on the whole, subject to 
less sudden fluctuations than the value of money. 

(8.) Investment in forest property possesses the great con¬ 
venience of yielding a steady income. 

(4.) Forests cannot easily be let on lease, as inroads on the 
growing stock are difficult to control; for the same 
reason, forests, beyond the value of the land, are not 
well suited as security for loans. 

(5.) Compared with the cultivation of field crops, it must be 
noted that:— 

(a.) A forest once placed under systematic manage¬ 
ment yields annually equal returns, or nearly 
so, whilst those of fields differ much according 
to the seasons. 

(b.) Forests require much less labour. 
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(c.) Temporary high prices can he fully utilised by 
cutting more than the normal yield for a time, 
or vice versa. 

(d.) As a rule, successful forest management requires 
larger estates than the cultivation of field crops. 

Bearing these matters in mind, attempts may be made to 
determine the rate of interest for the forest industry in one of 
the following ways:— 

(1.) Determination based upon the rental and capital value 
of the forest. 

If the value F of a forest, so managed as to yield an 
annual net return R, is known from a sale which has taken 
place, the per cent, would be :— 

p = X 100. 

The conditions for the applicability of the method are 

(a.) That the annual rental of the forest is accurately known. 

(h.) That the forest is, at any rate approximately, in such a 
condition that it can yield a steady annual return. 

(c.) That the price realised for the forest was the result of 
genuine competition. 

There is great difficulty in complying with all these con¬ 
ditions, so that frequently this method is not of much 
practical value, unless the forest is in a normal condition. 

(2.) Determination based upon the rate of interest obtain¬ 
able in agriculture. 

As indicated above, differences exist between the two methods 
of using the soil which are difficult to estimate. At the 
same time, forestry and agriculture resemble each other in 
many respects, so that the agricultural rate of interest can 
frequently be applied to the forest industry. 

(3.) Determination according to the rate of interest yielded 
by Government securities. 

The rate of interest of Consols may be too high in some 
cases and too low in others, according to the general credit 
. of the State and the nature of the forests. On the whole, 
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however, this is a safe way of determining the rate of interest 
for the forest industry in all well regulated States. 

The rate of interest generally adopted in the calculations 
contained in ihe following chapters is that of British Consols, 
that is to say, 2| per cent. 


SECTION III.-POEMUL^ OP COMPOUND INTEEEST* 

The following formula;, based upon compound interest, are 
required in forest valuation 

1. Amount, or thk Futurb Value to which a Capital 

ACCUMULATES. 

A capital C\ put out at p per cent, compound interest accu¬ 
mulates in the course of n years to the value — 

C„ = X l-Op- . . . (1.) 

or log. = log. C„ + « X log. rOp, 

where VOp = and l-O;/' = (l-0p)’‘ = • 


2. Discount, or Determination op Present Value. 

The present value of a capital C„ to he realised 7i years 
hence is— 


r - A 

" i-bp” • 

log. C„ = log. (7„ - w X log. 1-Op. 


(II.) 


3. Summation op Eentals. 


a. Future Value. 


A rental B becomes due for the first time after m years, and 
is payable altogether n times at intervals of m years; its value 
at the end of m X « years is— 

E (1-Op"" -1) 
l-Cp* - 1 


CflUl — 


ail.) 


• For the benefit of those who are not versed in calculations with compound 
interest, the details showing bow the formula have been obtained are given in 
Appendix VI. 
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A rental R is due at the end of each year, altogether n 
times; its value at the end of n years is— 


0 ,.- - - — 


. (iv.) 


h. Present VaJiie. 


A rental R becomes due for the first time after m years, 
and is payable altogether n times after intervals of m years; 
its present value is— 


„ _ R( VOp”"-l) 

(l-bp"'1) ■ 


(V.) 


A rental R is due at the end of each year, altogether n 
times; its present value is— 

c 1) . . . (VI.) 

l-Op“ X -Op • 

A rental R is due at the end of each year, for ever; its 
present value is— 

R 




•Op 


. (VII.) 


A rental R is due after n years, and again every n years, 
for ever; its present value is— 

R 


C„ = 


l-Op“ - 1 


.(VIII.) 


A rental R is due after m years, and again every n years, 
for ever; its present value is— 


R X l-Op"--'" 
l-Op" - 1 


. (IX.) 


A rental R is due now, and again after every « years, for 
ever; its present value is— 


R X l-Op“ 

i-Opo _ 1 


(X.) 
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4. Conversion of an Intermittent into an Annual Rental. 


A rental 11 is due after n years, and again every n years for 
ever; it is equal to an annual rental of— 

11 


X ‘Op 


(XL) 


l-0/‘ - 1 

A rental 11 is due after m years, and then every n years for 
ever; its value is equal to an annual rental of— 

li X l-O/-’" ^ , 

‘ !•(>/'“-i ■ ^ 

A rental li is due now, and again every u years, for ever; 
its value is equal to an annual rental of— 


It X l Op” ^ . 

’■ = r67 -i 


.(XIII.) 


All the above calculations can be made with logarithms, 
or by means of tables which give future or present values 
for various rates of interest. The tables in Appendix II., 
page 838, which give the values for Formulaj I., II., VI., 
and VIII., suflice for all ordinary forest calculations; they 
will be utilised in the subsequent chapters. 


SECTION IV.-ESTIMATE OP RECEIPTS AND EXPENSES. 

1. Receipts. 

The receipts of forests are derived from a variety of pro¬ 
duce which are generally divided into two classes: Major or 
principal produce, and minor produce. 

a. Major Produce. 

This comprises all yields of wood, that is to say, timber and 
firewood. ' Bark is generally included; if it is severed from 
the timber before disposal, it is sometimes classed as minor 
produce. 

Major produce is subdivided into that obtained from final 
cuttings (final yield) and that from thinnings, etc. (inter¬ 
mediate yields). 
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The value of major produce is ascertained by means of 
rmney yield tables 'which are calculated from volume yield tables. 

The preparation of volume yield tables and the selection of 
the proper table have been explained in Forest Mensuration. 
If tables are available, the age, volume, or height, of each 
wood are ascertained, and these data are used in the selection 
of the proper yield table. If the data do not agree with any 
table, the nearest is selected, and its quantities are modified 
in proportion to the volumes, or heights, as the ease may be, 
of the wood in question and those given in the yield table. 

When the produce yield table has been selected, it is con¬ 
verted into a money yield table, for which purpose the local 
prices of the several classes of timber and firewood must 
be ascertained. In doing this, it must bo remembered that the 
average value of material per unit of measurement generally 
rises with the rotation up to a certain age. 

These tables refer to fully stocked or normal woods; hence, 
the quantities must be modified before use, in the same degree 
as a particular wood differs from the normal condition. In 
some cases, a further reduction is made as a kind of insurance 
against future events. Some authors give 10 per cent, as a 
proper reduction. 

h. Minor Produce. 

This comprises all yields which do not consist of timber 
and firewood; their amounts and values must be locally 
ascertained. 

2. Expenses. 

The expenses comprise the cost of administration, pro¬ 
tection, formation, harvesting, construction of roads, slides, 
houses, taxes, etc. The amounts must be locally ascertained 

3. Examples of Money Yield Tables. 

Subjoined follow two money yield tables. The first is for 
Scotch pine and the second for beech, it being assumed that 
the quality of the locality is about the same in both cases. 
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For simplicity’s sake, it has been assumed that the thin¬ 
nings are made at the end of every 10 years; hence, column 
h gives the values of the wood before the thinnings are made, 
and column / the values which remain after the thinnings 
have been executed. 


Money Yield Table poe One Acee op .Scotch Tine Wood. 
Calculated with English prices ; brushwood under 3 inches diameter omitted. 



Yiei.d in Cubic- 
Feet. 


Net 

Value ok 

KE’I ubns. 


AOB. 


IlltfT- 

mediate. 

Ter CHbbk- Foot, 
Pence. 

Total, Shillings. j 


Final. 

Fitial. 

Iiiter- 

iiKHhatc 

Final. 

Ill ter¬ 
med lalf. 

Total, Final 
and Inter- 
nmhate. 

a 

b 

C 

d 

e 

f 

H 

It 

20 

600 


T6 


76 

_ 

75 

SO 

1,170 

67 

2- 

]* 

196 

6 

200 

40 

2,830 

363 

2*5 

1-5 

690 

44 

634 

f)0 

3,940 

524 

3- 

2- 

986 

87 

1,072 

60 

4,690 

666 

4- 

2-6 

1,663 

118 

1,1)81 

70 

r»,2r)0 

686 

6- 

3’ 

2,187 

134 

2,321 

80 

5,720 

493 

6- 

3*5 

2,860 

144 

3,004 

90 

6,100 

446 

7‘ 

4- 

3,668 

149 

3,707 

100 

(i',m 

397 

8- 

5- 

4,273 

166 

4,438 

110 

6,690 

334 

9* 

6* 

6,017 

167 

6,184 

120 

6,950 

282 

lO’ 

7- 

6,792 

136 

6,927 

ISO 

7,190 

200 

11* 

8* 

6,691 

133 

6,724 

140 

7,410 

180 

12- 

9- 

7,410 

136 

7,546 


£mmple.—la the year 60 the volume amounts to 4,690 -|- 565 = 5,255 
cubic feet, of which 665 are taken out in the thinning, leaving 4,690 
cubic feet to go on with. These increase during the next 10 years to_ 
6,250 -b 636 = 5,786 cubic feet. Similarly, of the total value in the 
year 60 = 1,681 shillings, 118 are taken out in the thinning, while a 
value of 1,563 shillings remains. This increases during the next 10 years 
to 2,187 + 134 = 2,321 shillings, and eo on. 

'The Scotch pine wood is supposed to be grown on fairly 
good soil, so that the returns stand about halfway between 
be»t and middling quality according to the yield tables in 
Appendix III., pages 860—868. Such returns can, on an 
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average, be expected from Scotch pine woods grown in Eng¬ 
land. The values per cubic foot are those prevailing in the 
south and centre of England. 

Money Yield Table for One Acre of Beeou Wood. 


Calculated with English prices; brushwood under 3 indies diameter omitted. 



Yield in Cubic 
Keet. 


Ntrr 

Value* iiF Ketuuns. 




Per Cubic Foot, 
I’eiicf. 

Total, Slullinga. 

a 

Fiu«l, 

InU-r* 

mediate. 

Final. 

Inter¬ 

mediate. 

Final. 

Inter- 

nicdiate. 

Total, 

Final 

and 

Inter¬ 

mediate. 

h 

c 

d 

e 

f 

s 

h 

30 

86 


2- 


14 


14 

40 

943 

— 

3- 

- . 

236 

— 

236 

50 

2001 

86 

4-5 

3- 

750 

21 

771 

60 

2915 

272 

6- 

4- 

1457 

91 

1548 

70 

.3716 

329 

7- 

4-r> 

2167 

123 

2290 

80 

4430 

357 

8- 

5' 

2953 

149 

3102 

90 

5045 

400 

9* 

(5- 

3784 

200 

3984 

100 

5.'i73 

414 

10’ 

7* 

4641 

241 

4885 

no 

6045 

400 

11- 

8* 

5.541 

267 

5808 

120 

6-160 

400 

12- 

9- 

64<;o 

300 

6760 

130 

6817 

386 

13- 

10- 

7385 

322 

7707 

140 

7117 

372 

14- 

n* 

8303 

341 

8044 
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VALUATION OP FOREST SOIL, 

The soil can be utilised in two ways:— 

Either by being used direct, as for mining, quarrying, 
construction of dwellings, etc.; 

Or by letting it produce other goods, as field or forest crops. 
In each of these cases the soil may have a different value. 
Forest valuation ascertains the value of the soil under the 
supposition that it is used for the production of forest crops; 
for this purpose it determines the expectation, cost, and sale 
values. 


SECTION I.-THE EXPECTATION VALUE OP FOREST SOIL. 

1. Method of Calculation. 

In conformity with the definition given at page 112, by 
the expectation value of forest soil is understood the sum of 
the present values of all returns expected from the soil in the 
course of time, less the present value of all expenses which 
must be incurred to obtain those returns. 


a. Present Value of Returns. 


(1.) Final Yields.—Lot the rotation contain r years, and let 
the value of each final yield, less cost of harvesting, =F„ to 
be realised every r years, then the present value of all final 
yields for ever amounts, according to formula VIII. (page 117), 


to:— 


Present value of all final yields 


Yr 

1 - 0 / - 1 " 


(2.) Intermediate Cuttings, or Thinnings.—Lot Fa, Ti, 

. . . r,, represent the value of thinnings, less cost of 
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harvesting, occurring in the years a, h, c . . . q. Each of 
these thinnings occurs (luring every rotation, that is to say, 
every r years. Thus, the first thinning occurs after a years, 
again after a + >' years, again after a + 2 X r years, and so 
on; hence, the present value of all these thinnings, according 
to formula IX.;— 

_ 'j’„ X roif-J' , , J'lX 

- 1-Op'- -1 i-op' -1 ' i-op’- - i 

- ■■■ + '!', X 

- 1 - 0 // -1 “ “ " ' ■ 

(3.) Minor Proihicr .—These are dealt with in the same way 
as thinnings, if they occur at regular intervals. Let M^, Mj 
... A/; be the values of minor produce occurring in the 
years s,i and again every r years, then their present 

value is 

_ M, X 1-Op’ ■‘' + M,X 1-Op’-' + . . .+M,X l-0p’- = 

' l-Op,. - 1 

If items of minor produce, M, occur regularly every year, as 
grazing fees, rent from shooting, etc., and of equal value year 
after year, their present value amounts, according to formula 


h. Present Value of lixpenses. 


(1.) Cost of Formation.—ksswaing that e represents the 
cost of formation, whether artificial or natural, which has to 
be incurred at the commencement of each rotation, then the 
present value of all such expenses comes, according to formula 


X., to: 


c X 1-Op" 


l-0p"-l‘ 

If the first cost differs from that on future occasions, and if 
the latter is represented by c', then the total present value 


is = c + 


1-Op’- - 1' 

(2.) AnnmUy Recurring Expenses.- 


-Let e represent the 
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value of all annually recurring expenses, as cost of adminis¬ 
tration, taxes, etc., then the total present value of all such 


expenses comes to 


=E, being the capitalised value of the 


annual expenses. 

(3.) PmodkaUy Occurring Expcims. —These are dealt with 
as has been shown in the case of thinnings or items of minor 
produce. 

(4.) Expemes of Hairmthn/ and of CoUeciion of lievenue ,— 
These are always deducted from the receipts, and they do not 
appear in the account. 


c. Fornuda for the Expectation Value of Forext Soil. 

This formula would be represented by an addition of all the 
items enumerated under a less those under h. In order to 
shorten the formula, without destroying its usefulness, it may 
be assumed— 

(1.) That 'I'a, Ti . . . Tg represent thinnings as well as 
items of regularly occurring minor produce ; 

(2.) That the expenses are reduced to the cost of formation 
and the annually recurring expenses ; 

(3.) That the cost of formation at the commencement of 
each rotation comes to the same amount; 

(4.) That e represents the difference between the annually 
recurring expenses and the annually recurring receipts 
such as grazing fees, rent of shooting, etc. If the 
latter are higher than the former, then e, respectively 
E, would be positive. 

The expectation value S, of the soil is then represented by 
the formula— 

„ _ Y,+ T»X l Op'-* + . . . -f T, X l Op'-’-O X 1-Op' 

“ l Op' - 1 

Exam]ile.—A]i acre of land is to be cultivated at once with Scotch pine, 
and to be worked under a rotation of 80 years. It is expected to yield 
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the returns given in the money yield table at page 120. The expenses 
are expected to be as follows:— 

Coat of formation every 80 years = GO shillings. 

Annual expenses for administration, taxes, etc., less annually recurring 
incomes = 3 shillings. 

Interest = per cent. 

The expectation value of the soil will, in that case, amount to -i- 

3,004 + S X 1-025® + 44 X 1-025“ + 87 X l-025’» 

„ _ + 118 X 1-0252" + 134 X l-02,j“ - GO X 1-025"" 3 

" . i'02,)-» - 1 

By using the tables in Appendix II., page 338, this value becomes— 

Nj = (3,004 + 5 X 3-4371 + 44 X 2-G851 + 87 X 2-097G + 118 X 1-G386 
+ 134 X 1-2801 - GO X 7-2096) X -IGIO - 120 
,S'c = 3,234-1333 X -1610 - 120 = 403-9155 shillings, 
or, 

iS'e — 404 shillings = £20 4«. 0</. 

This shows that, for land yielding the above returns and involving the 
above expenses, the proprietor may pay £20 4.s. an acre, if ho is satisfied 
with 2^ per cent, compound interest on his investment. It will be shown 
later on that he must obtain the land for leas than £20 48., if he desires 
to got more than per cent, on his investment. 

Assuming now that the same aero of land is planted with beech, that 
it yields the returns given in the money yield table at page 121, and that 
all other conditions remain the same, the expe(!tation value of the soil 
will bo H- 
K,= 

3,102 + 21 X l-025® + 91 X 1-025*+ 123 X 1-02,5“- GO X 1-02,5* 

1 - 02 , 0*-1 .. 

Sc = 366 shillings = £18 68. Od. 

It follows that, imder the above conditions, it pays to plant beech on 
such land if the latter can be purchased for £18 6s. an acre or under, 
which is less than in the case of Hootch pine. The highest expectation 
value of the soil in the case of beech is obtained under a rotation of 
90 years, when S, = £18 15s., which is somewhat lower than that obtained 
in the case of Scotch pine. 

2. Mattbes -which affect the Expectation Value of the 
Soil. 

As indicated by the formula, the expectation value of the 
soil depends on— 

(a.) The absolute amount of receipts and expenses. 

(6.) The length of the rotation. 

(c.) The time when the intermediate returns are realised. 
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{d.) The time when the costs of production have to be 
incurred. 

(e.) The rate of interest with which the calculation is made. 

Each of these matters must be further considered. 

a. The. absolute. Amounts of Receipts and Expenses. 

These are influenced, not only by careful management, but 
also by the choice of species. If, for one and the same piece 
of land, the calculation is made for different species, the 
expectation values thus obtained are likely to differ consider¬ 
ably; hence, the importance of selecting the most suitable 
species in each case. 

h. The Length of Rotation. 

As the growing stock has, in the majority of cases, very 
little value during the first part of the life of a wood, so 
that the yield would not even cover the cost of harvesting, 
it follows that the expectation value of the soil may, under a 
very short rotation, be negative. With advancing age, the 
value of the growing stock increases, so that the expectation 
value of the soil becomes positive; it goes on augmenting 
until it reaches a maximum, after which time it falls 
again. A second maximum may occur owing to a sudden 
heavy increase in the value per unit of measurement of the 
growing stock. Under an excessively high rotation, the 
expectation value of the soil would again become negative. 

Example .—Making the calculation for successive rotations for a Scotch 
pine wood with the same conditions as befere, the following amounts of 


the expectation value are obtained 

St for a rotation of 30 years . 

= — n2 shillii 

s. 

t> 


40 „ . 

= + 164 

ti 

s. 

1} 


oO ,, 

= + 262 

)t 


it 


60 „ 

= + 333 

ft 

St 

it 


70 „ . 

= + 394 

ft 

s. 

a 


80 „ 

= +404 

tt 

St 

it 


90 . „ . 

= + 392 

It 

s. 

It 


100 „ 

= + 368 

it 

Sc 

it 


no „ . 

= + 338 

It 

Sc 

ft 


120 „ . 

= + 304 

tl 
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The above data show that, financially, the most favourable 
rotation must be that under which the expectation value 
reaches its maximum; in the above example a rotation of 
about 80 years. The more the rotation differs from 80 years, 
the less favourable are the financial results. 


c. The Tiinr, when the Intermediate Returns are Realised. 
The earlier the intermediate returns occur, other matters 
being the same, the higher will be the expectation value. 


The present value of a thinning worth Sfi shillings made in 
the year 60, and again every 100 years, is = 


86 X 1 •02.’>‘'' 
1-026““ - 1 


= 21 shillings. 


If the same thinning wore made in the year 30, and again every 100 
years, its present value would he = 


86 X 1-025™ .. , 

shillings. 


It follows that strong thinnings made at an early age can 
considerably increase the expectation value of the soil. At 
the same time, it must not be overlooked that the small 
material obtained from early thinnings is not always sale¬ 
able at remunerative rates; moreover, such thinnings may 
disastrously affect the later returns, especially the final yield, 
so that the advantage gained in the first instance may be 
more than counterbalanced by loss later on. 

Early receipts from minor produce affect the expectation 
value in the same way as those from thinnings; hence, they 
are of great financial importance, as long as they do not 
unduly affect later returns. 


d. The Time when the Costs of Production have to be 
Incurred. 

This affects the expectation value in a manner the reverse 
of that produced by early thinnings and incomes from minor 
produce. Expenses, incurred during the early part of the 
rotation, affect the expectation value unfavourably; hence, it 
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is important to keep the cost of formation as low as possible. 
Thus, it may happen that the expectation value is higher 
under the system of natural regeneration than under the clear 
cutting system with planting, provided that natural regenera¬ 
tion is easy; if it involves loss of time, it may be more profit¬ 
able to regenerate artificially, so as to prevent the lengthening 
of the rotation. 


e. The Hate of Interest with, n'hie.h the. Calailation is made. 

A high rate of interest gives a low expectation value of the 
soil, and nice versa. The value is, however, not in inverse 
proportion to the rate of interest; the former rises more 
rapidly than the latter falls. 

Again, under a low rate of interest the expectation value 
culminates later than under a high rate. 

Example .—Taking the same (ktii ns nliove, and calculating the expecta¬ 
tion value of the soil with 2^, and again with S, and 4 per cent., the 
following values aro obtained 



Cam 

I'LArlON MAUK WITH 

Kotation, 

yKAas. 




m 


4% 



g. 

g. 

g. 

m 

262 


43 

()0 

853 

214 

61 

70 

394 

230 

56 

80 

404 

225 

43 

90 

392 

185 


100 

368 




This example shows:— 

(1.) By raising the per cent, from 2| to 3, the maximum 
expectation value falls from 404 to 230 shillings, and calculated 
with 4 per cent, to 61 shillings. 

(2.) By making the calculation with 4 per cent, the expecta¬ 
tion value becomes very small, and under a higher per cent, it 
becomes negative. 
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(3.) The expectation value of the soil culminates:— 
Calculated with 2| per cent, at about 80 years. 
it it ^ ti It It 70 

It It d ff ,, 60 ,, 

(4.) If the proprietor is satisfied with per cent, on his 
investment, he can afford to pay £20 4s. per acre for the land; 
if he expects 8 per cent., only £11 10s.; if 4 per cent, only 
£3 Is. 

3. Merits of the Method of the Expectation Value. 

The expectation value indicates the true economic value of 
the soil for forest culture, because it is based upon the produc¬ 
tive power of the land when used for the rearing of forest 
crops. It gives the value which corresponds to the net returns 
calculated with the adopted rate of interest. On the other 
hand, the method gives correct results only under the following 
conditions:— 

(a.) That all items of expected incomes and expenses are 
accurately known. In order to comply with this con¬ 
dition, accurate and suitable yield tables are required. 
Moreover, future prices of produce and expenses must 
be estimated on the basis of those at present prevailing 
a matter which introduces much uncertainty into the 
calculation. 

(b.) That the calculation is made with a suitable rate of 
interest. It has been shown above lhat this is a matter 
beset by considerable difficulty. 

(c.) That the rotation, corresponding to the maximum 
e.xpectation value of the soil, can be adopted and 
retained without thereby lowering the price of forest 
produce; in other words, that the market can readily 
absorb any extra cuttings which may be necessary, in 
order to introduce a rotation lower than that hitherto 
followed. 

Generally speaking, the expectation value of forest soil is 
not a fixed quantity; it changes, not only in the ways indicated 
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above, but also with alterations in the price of forest produce, 
consequent on changes in the areas set aside for the production 
of forest crops. 

SECTION n,-THE COST VALUE OF FOREST SOIL. 

By the cost value of the soil is understood the sum of all 
expenses incurred in acquiring the land and rendering it fit 
for forest culture. These expenses consist of;— 

(1.) The price paid for the land. 

(2.) The sum expended in rendering it fit for cultivation, 
such as drainage, or irrigation, levelling, fixation of soil, etc. 

(8.) The interest accumulated on the outlay mentioned 
under (1.) and (2.) up to the date when the first forest crop is 
started. 

Emmpk. —An aero of land ha-s been purchased for Xlfl; a sum of £d 
has hcen expended at once in hreaWns through an iinpcrmeahle sub¬ 
stratum in strips 0 feet apart; a further sum of £2 has been spent after 
the lapse of 3 years in breaking up the intermediate strips; the land was 
allowed to lie fallow for another 2 years. The cost value of the land at 
the end of o years, when it is planted, amounts, calculating with 2i per 
cent., to 

8c = (10 + r>) X 1-02,t’ + 2 X 1-0252 = £1!) 1«. 6,1 

The cost value of the land may be accepted as the true 
value 

(1.) If the expectation value of the soil cannot be ascertained 
with any degree of accuracy. 

(2.) If the owner accepts the price, which represents his 
own outlay on the land. 

The cost value of the soil may be equal to, smaller, or larger 
than the expectation value. 

SECTION in.-THE SALE VALUE OF FOREST SOIL. 

By the sale, or market, value of forest soil is understood 
the value which it realises in the open market. It represents 
the true economic value only, if it agrees with the expectation 
value. 
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In most localities, a sale price has established itself, but this 
represents in the majority of cases the value which the land 
has for other purposes, such as agi-iculture. It may differ 
considerably from the value which the land has if used for 
the production of forest crops, the sale value being generally , 
higher than the forest value in the case of good lands and 
lower in the case of inferior lands, because the former yield 
a higher rental under field crops, and the latter under forest 
crops. 

The sale value of forest soil may be taken as expressing the 
true value:— 

(I.) If forest soil is to be disposed of voluntarily for other 
uses. 

(2.) In the case of forced sales, when the local value has to 
bo ascertained, rather than the forest value. 
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VALUATION OF THE GEOWING STOCK. 

The value of the growing stoclc can, as in the case of the 
soil, be determined as the expectation, cost, or sale value. 

The valuation may refer to— 

(1.) One particular wood. 

(2.) A whole series of age gradations, representing the 
normal growing stock of a working section or of a 
whole forest. 


SECTION L-VALUE OE THE GROWING STOCK OF A SINGLE 
WOOD. 

1. The Expectation Value. 

The expectation value of the growing stock of a wood now 
wi years old is equal to the present values of all incomes 
which may be expected from the wood, less the present value 
of all expenses which must be incurred between the year m 
and the time when the wood is finally cut over. 


a. Method of Galcidation. 

Starting from the same data as those given in the case of 
the valuation of forest soil, the receipts consist of— 

Y 

(1.) Final yield in the year r = F,; present value = 

(2.) Intermediate yields, such as thinnings, to be realised in 
the years «, o, p, and q; their present value amounts to— 


Thinning in the year n = 


» M fi 


_ 2’„ X l-Op’--” 

l-Opn-M- l-Qpr-n • 

_T„X l-Op'-” 

• • • • 


0 
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Thinning in the year p 

yt II II ^ 


7; xj’O/r” 

- • 

T„ X 1-0/ •« 
r6/-”‘ • 


Expenses ; 

(1.) Annual expenses to be incurred from the year m to 
the year r; their present value amounts to (according to 
Formula VI.) — 

e, e . . e e (VOp' '— 1) K {l'0p’'~"'—1) 

i-Op'--"' X -Op ~ i-oy»'-"‘ ■ 

(2.) Rent of soil to be paid from the year hi to llie year r; its 
annual amount may he denoted by S X 'Op ; the total present 
value of the rent of the soil during r — m years amounts to— 
S X "O/i S X 'Op . . S X 'Op S X 'Op (I’C;/"'" — 1) 

■rop”+ i ty + i-op’-"' “ rop'-"'" X -Op 

_ .S’ (1-Op’-"' - 1) 

- I-Op'-"' 


The fnrmiila for the expectation value of a wood stands, 
therefore, as follows;— 

n.(j ^ Y,+'r ,Xl- Op'-+...+ T„Xl -Op'-’- tS+EXl-Op"-"--1) 
« l-Op'-'” 


Emniple. —A full}--stocked Scotch iiiiio wood, worked under a rotation 
of 80 years, is Iclouiously burned when 4o years old; what comiiensation 
per aero should be paid to the owner, if the expected retmns are those 
indicated in the table at page 120 ? 

Hate of interest = 2.1 per cent. Value of soil = dO-l shillings. 
Annual expenses = 11 shillings, to bo incurred at the end of each year:— 
3,004 + 87 X 1-02,+ 118 X 1-02,+ 134 X l-02o"> 

_ -(404 + 120)(l-02 o«’’- 1) 

l-d2.)» 

"(/, = 1,193 shillings = foO 13«. (til. 


b. Notes on the Expectation Value of the Growing Stock. 
The expectation value of the growing stock depends on the 
following matters:— 

i. The Absolute Amount oe Ueceii-ts and Expenses. 
Regarding the value of the soil to be introduced into the 
calculation, it should be noted that the maximum expectation 
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value should be chosen (in the above example 404 shillings), if 
the soil is again to be used for forest purposes; if the soil can 
be more profitably used for agriculture or other purposes, the 
correspondingly increased value must be introduced into the 
account. * 


ii. The Lenoth of the Rotation. 

In the case of fully-slocked normal woods, the highest 
expectation value is obtained for that rotation, for which the 
expectation value of the soil culminates, provided that value 
is introduced into the account. (In the above example, rota¬ 
tion = 80 years and S, = 404 shillings.) If a larger value of 
soil is introduced, then the maximum expectation value of the 
growing stock is obtained tor a lower rotation, than that for^ 
which the expectation value of the soil culminates, and r 


In the ease of insufficiently stocked abnormal woods, 
rotation, for which the highest expectation value of the gr^ 
ing stock is obtained, can only be determined by experimer 
calculations based upon the data of each special case. ^ 

Kjample. —Taking the same data as before, C 

For a rotation of 70 years “O', = 1,169 shillings. V 

„ „ 80 „ „ .-1,193 „ ,5 

„ „ 90 „ „ = 1,160 


The inaxiinuui value is obtained for a rotation of 80 years, that j 
say, the ndation under which the exiiectalion value of the soil culuiiii 
(see page 126). » 

Assuming now that the wood has been iiijm'ed by wiud at a prev 
period, so that no thinnings can be made before the year 90, and' 
the growing stock would realise— 

At au age of 70 years . . . = 1,800 shillings, ‘Op’’"'' 

„ S'» „ . . . = 2,700 „ ligedi 

„ „ 90 .= 3,707 „ ^_ 

then the expectation value of the wood under these rotations would . 
follows:— 


For a rotation of 70 years— 

„ _ 1,8(K) - o24 (l -02o“ ■ 


729 shillings. 
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For a rotation of 80 years— 


«(/. = 


2,7(M) - o24 (l'02d“ - 1) 
i-02j” 


= 833 Bhillings. 


For a rotation of 90 years— 

_ •■i.TO" - 324 (1-OM" 


= 868 shillings. 


For a rotation of 100 years— 

= ¥«« + - «2M1-093» - 1) ^ 

1 '023“ ® 

It will bo observed that the itiaxiniuni exi)ectation value of the growing 
stock is in this case obtained under a rotation of 90 years. 


id. Tuk A(IK of tuk Wood. 

The expectation value of the growing stock rises (given a 
fixed rotation) with the ago of the wood, hut not in exact 
proportion. If the thinnings are made after regular intervals, 
say every 10 years, it generally happens that, immediately 
before making thinnings, the expectation value is slightly 
higher than immediately after the thinning has been made. 
For instance, if a thinning is made in the year 60, the 
expectation value of the growing stock for the year 59 will 
probably be higher than for the year 61. 

Immediately after the area has been stocked in the beginning 
of the rotation, and if the maximum expectation value of the 
soil has been introduced in the account, the expectation value 
of the growing stock is equal to the cost of formation, and at 
the end of the rotation it is equal to the value of the final 
yield. 

iv. Thk Kate op 1ntehes>t wiTit which the Calculation is made. 

A high rate of interest gives a low expectation value of the 
growing stock, and vice vers/i, similar to what has been shown 
for the expectation value of the soil. 


2. Cost Value of the Growing Stock op a Single Wood. 

The cost value of the growing stock of a wood now m years 
old is equal to the present value of all costs of production, less 



136 


VALUATION OP THE GHOWINQ STOCK. 


the present value of all returns which the wood has yielded 
before the year m. 

a. Method of Calculation! 

Costs of Production.—(1.) The present value of the rent of 
the soil during m years conies to— 

,S'X l'0p”'-5f = S(l-0p”'-l). 

(2.) The present value of the annual expenses during m 
years (Formula IV.) = e X + e X rOp’"“'* + ... + «» 

= (l'0p’“ - 1) = A’ - 1). 

(3.) Present value of cost of formation = c X l‘0p“. 

Jtceeipts.—These consist of all previous thinnings and items 
of other incomes realised before the year ni; they may be 
represented by 'I'a, T,,. . . Ti. Their present value is— 

= X + n X l-Op’"-'' + . .. + 2’, X 

Should any items of income have occurred in annually equal 
amounts, such as shooting, grazing, etc., they can be summed 
up according to Fomula IV., or, better still, be deducted 
from the annually recurring expenses. 

The general formula for the cost value is, therefore— 

= (S + E) (I'D?” - 1) + c X l-Op“ 

- (T, X + Tj X l-Op”-" + . . . + T, X l-Op™-*). 

Here, '"G.. still includes the thinning of the year m. If the 
calculation is made for what remains as final yield to go on 
with, then the thinning in the year m (= 2'J must also be 
deducted. 

Example.—Hating the same data as before, the cost value comes to— 
Hh = (404 + 120) (l’02o« - 1) - (o X l-02j“ + 44 X 1-025'^). 
“Oj = 1,193 shillings, as in the case of the expectation value. 

h. Notes on the Cost Value. 

The cost value of the growing stock depends on— 

(1.) The absolute amount of the receipts and expenses up to the 
year m. 
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(2.) The Age of the Wootl. —The value rises with the age, 
but temporary exceptions occur, as immediately after a 
thinning the cost value may be smaller than immediately 
before it. 

At the commencement of the rotation, the cost value is equal 
to the cost of formation. 

At the end of the rotation, the cost value is equal to the 
value of the final yield, provided that— 

(a.) the calculation has been made with the expectation 
value of the soil (404 shillings in the above ease); 

(h.) the receipts and expenses were of the normal amounts, 
and 

(c.) the wood is fully stocked, or normal, at the end of the 
rotation. 

Proo/.—Let m = r, then, 

’■Gf,, = (S + E) (l-Op’’ - 1) + c X l-Oy/ - {'J\ X l-Op-" + ... 

+ 1\ X PO/-*'). 

By introducing the expectation value of the soil, the above 
equation becomes:— 

1-0/-1 ■''■*■■'7 

X (1-0/ - 1) + c X - {T, X 1-Op'-" + X l-Oj.’-") 

which, alter reduction, leads to— 

••G, = 7,. 

(3.) The Hate of Interest. —If the calculation is made with 
the maximum expectation value of the soil and the receipts 
and costs corresponding to it, then a higher rate of interest 
yields a lower cost value and vice rend. 

If the above assumptions do not hold good, it depends on 
the value of the soil and the amounts of receipts and costs 
which are introduced into the calculation, whether a higher 
rate of interest gives a greater or smaller cost value of the 
growing stock. 
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3. Sale Value, ou Utilisation Value, of the Growing 
Stock op a Single Wood. 

By the sale value of the growing stock of a wood is under¬ 
stood that price which it would realise if offered for sale in the 
open market. 

The growing stock may be sold under one of two 
conditions:— 

(a.) The wood is allowed to grow on for a number of years. 
In this case, the purchaser would have to rent the soil 
for a number of years, and to meet certain other 
expenses. Hence, the sale value should be equal to 
the expectation value. 

(i».) The wood is to be cut down at once. In this case the 
sale value would be the price which the cut material 
realises in the open market. It is ascertained by 
determining the volume of the growing stock and 
multiplying it by the net mean rate per unit of 
measurement. 

The sale value of very young woods under condition h is 
generally negative, until the receipts obtained by the sale of 
the produce cover the cost of harvesting; from that period it 
becomes positive, rising at first slowly, then more rapidly, 
reaching its maximum value far beyond the period at which 
the mean annual increment culminates, in fact not until the 
annual increase in the value per unit of measurement is no 
longer sufficient to cover the falling off caused by thinning or 
decay. This period occurs, generally speaking, earlier in the 
case of light-demanding species, than in the case of shade¬ 
bearing species which maintain a full stocking for a longer 
space of time. 

4. Relation existing between the Expectation and Cost 
Values op the Growing Stock op a Normal Wood. 

Looking at the formulss for the expectation and cost values, 
it will be observed that the rental of the soil and annual 
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expenses appear in the negative form in the one and in the 
positive form in the other; again, the thinnings appear posi¬ 
tive in the first and negative in the second. It follows that 
any change in these items affects the two values in opposite 
directions; what raises the one value reduces the other, and 
rice versa. Nevertheless, the one value can become equal to 
the other. This is the case, other items remaining the same 
in both instances, if the calculation is made in either case with 
the maximum expectation value of the soil. 

Proof .—Let ”'6, = ’"G„ immediately after the thinning in 
the year m has been made, then:— 
i; + v',xi-o/- " + . + - (.S’+ E) (1-0/-"^ 1) 

= (.S + Ji) (1-Op’" - 1) + <■ X 1-Op’" - (7'„ X l-Oi.’"-" + • ■. 
+ 'J\ X rop’"-' -I- TJ. 

After making the necessary reduction, it wilt be seen that 
this equation can hold good only, if— 

,, _ i; -t- 7’, X l-0p>-“-l- ... -1- 7', X l-0p^-«- c- X 1-07/ _ 

~ VOp' - 1 

in other words, if the expectation value of the soil is introduced 
for S. Even then, the above holds good only in the case of 
normally stocked woods. If a wood has been too thinly stocked 
from early youth, so that both thinnings and final yield are 
below the normal amounts, the coat value will be found to be 
greater than the expectation value. 

5. Relation existing between the Expectation and Cost 
Values of the Growing Stock op a Normal Wood on 

THE ONE hand, AND THE UTILISATION VaLUE ON THE 
OTHER. 

The utilisation value of the growing stock is equal to the 
expectation or cost value at the end of the rotation, provided 
the maximum expectation value of the soil is introduced into 
the account, and the rotation is that for which the expectation 
value of the soil culminates. An equality can also occur at 
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a previous stage according to the values introduced into the 
account. 

Generally speaking, the utilisation value of young woods is 
smaller than the expectation or cost value. On approaching 
the end of the rotation, the difference is small, and it is then 
the safest plan to value the woods according to their utilisation 
value, as the calculation of the expectation and cost values is 
based upon more or less uncertain data. 

SECTION II.-VALUE OP THE OEOWINa STOCK OP A NOEMAL 
SEEIES OP AGE GEADATIONS. (NOEMAL GEOWING STOCK.) 

If a forest is so managed that it yields annually an equal 
return, it must contain a regular series of woods of equal 
yield capacity ranging in age from 1 year up to r years, with 
one year's difference between every two successive gradations. 
Whether these age gradations are found on separate areas or 
are mixed with each other makes no difference. In either 
case, every year the oldest age gradation will be cut over, 
giving a yield = 1',, and every year there will be thinnings in 
the gradations which have reached the ages of a, b ... q 
years; at the same time, every year formation will cost 
c shillings, while supervision will cost r x e shillings. It 
is of interest to the forester to ascertain the value of the 
growing stock in such a forest, the same being known as “ the 
growing stock of a normal series of age gradations.” 

The annual net return of a normal series of age gradations, 
or a working section, forms the rental of the soil and normal 
growing stock of that working section. Like the interest 
yielded by any ordinary capital, that rental is produced within 
the year, so that the growing stock at the end of the year 
represents the capital plus one year’s rental. Hence, the 
capital alone is present immediately after the year's rental 
has been removed. At that moment the oldest age gradation 
is (r—1) years old, the next (»•—2), etc., and the youngest 
(which has just been cleared) is 0 years old. 

Where cuttings are made in winter, the normal growing 
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stock is present in spring, before the trees have commenced to 
lay on the new annual increment. 

The simplest way of calculating the value of the normal 
growing stock is to capitalise the annual net income and to 
deduct from the amount the value of the soil. 

The annual net income is represented by the expression— 


d r + + • • • + -f ’l — (c + (' X c) ; 

hence, the value of tho growing stock is equal to— 

N.m.. a = • +„’■. -<« +' .><.?> _ , X s., 

•Op 

or for the unit of area 

.. -rX-Op - 


Kx.uwftlr ..—Taking tho same data as before and a rotation of 80 years, 
tho normal growing stock standing on 80 acres is— 

3,004 + 6+44 + ST + 118 + 134 - (BO + 80 X 3) 

WHori/Mil — - - •()2o 

shillings, 


and the average value of one age gradation 


91,300 _ 
~ ^ 80 * “ 


1,142. 


The value of the normal growing stock can also be obtained 
by adding up either the expectation, or cost, values of all the 
different age gradations running from 0 years up to r—1 years. 
If the maximum soil expectation value is introduced into 
these values, then the result is exactly the same as it the 
annual net rental is capitalised and the maximum soil 
expectation value deducted. If a different value for the soil is 
introduced, the result will not be the same. 

Calculations for the Expectation Value. —Assuming, in the 
first instance, that any one intermediate return in the year q 
is obtained, the values of the various age gradations will be as 
follows (see formula on page 183):— 
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r-lr- _ Fr- (.<? + £)(lV-l) 

1-oy 

,-3 r - y.--0S f + E) (!• V -1) 

IV 

.,n _Y,-{S + E){X-0if-"-\) 

« l-Oj/-/ 

.-1 r - ^ y.x i-o /-''-(S + E) -1) 

1 - 0 /-'"-'' 

or - '^ r+T.,x - (,S' + 1<I) - 1) 

* l-Oj/ 

By adding up these quantities and introducing the other 
intermediate returns in the years a, b ... p, the following 
formula is obtained:— 


Norm. G. = (Y,+S+E)(l-Op'’-l) + T^Xl-Op'-*(l-Op»-1)+ 
_■ ■ ■ +T, X l-Op'-’dOp’-1) 


l Op' X Op 


-r(S+E) 


By introducing the soil expectation value, and substituting 
its value in the first part of the formula, the latter reduces 
to 

^ _Yr T„, T,i — c 

■6l> 


■ '■ {Se + E), 


or, as £ = :— 

•0?) 

Normal = _ , x .<?„ 

as before. 


Calculation for the Gout Value .—(See formula on page 136). 
= (iS + £) dV - 1) + c X l-Op”. 

= {S + E) (IV - 1) + c X IV- 


<‘G, = (S. + E) (l-Op-* - 1) + c X IV - '1\. 

Gc = (N -f E) (1-Op”^' - 1) + c X IV*' - Ta X 1V 


’■-* G„ = (S -f E) (1V' -1) + c X rep’ll - r„x i-Op-^-h 
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The sum of these expressions, adding the other thinnings, 
comes to:— 

Normal = 

(8+ E+c) (l-Op'-l)-[T.(l -op ^»-l) +. ■■+T, (l -O p>-^-l) ] 

■Op 

-r(S + E). 

By introducing the soil expectation value, this goes over 
into:— 


Normal = 


i; + 7’„ + . ..+r„ -(c + rXc) 

bp 


r X ,S' 


as before. 
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CHAPTER IV. 

VALUATION OP WHOLE WOODS, OB PORESTS. 

The value of a whole wood, or a forest, is equal to the 
alue of the soil plus the value of the growing stock; hence, 
t can be ascertained by adding together these two values. At 
he same time, that value can also be determined direct out of 
he returns and expenses, or from sales of forests, or it can be 
lalculated out of the rental which the forest yields. 


1. Expectation Value or a Forest. 

As this is based upon future returns and costs, which differ 
inder different methods of treatment and species, two cases 
nust be distinguished 


j. Cahuhititni under the Siqtjmition that the same Sjrr.ics and 
System of Manayement are retained after the present Crop 
has been Ilarrested. 

(1.) The value of the forest is equal to the expectation value 
if the soil plus the expectation value of the growing stock. 
The greatest expectation value of the forest is obtained for 
that rotation, under which the expectation value of the soil 
culminates:— 


Let the age of the existing growing stock = nt, then the 
expectation value of the forest is— 


Yr+T„X 1-Oj)’-" +... + r, X P0p’-« 

_ -CS, + E) (l-0/-"‘-l) 

1 1 — I'O/-”* 

r.+r. X i-op’^+... + r, X e (i-op’-” 


- 


1 - 0 /-“ 
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By introducing the value of 'S ,— 

_ Y,+ X l-0p^-»4- • • • + T„ X l-0p’-'‘-e X 1-Op-- 


1 - 0 / -1 

the above formula becomes 

l-Op"^Y, + T„ X l-Op'-" + . . . + T, X l-Op'-’ + 

vop* T • • • -r ! 


■E, 


”F. =- 


lOp' 


- E. 


If m = 0, and cultivation has not yet taken place, the 
formula reduces to F,, = VSV 

(2.) The forest expectation value can also be calculated 
direct out of the expected receipts and expenses, in which 
case— 

y y ' T T 

"V =i ’■- 4 . £’'- 4 - 4 .^ “ 4 .._ “ 

' i-op’'-"' ^ ^ i-0p’‘-“ i-0p’'+'‘-"‘ 

T T T 

_ i;x i-op“ j'„ X rop""‘"‘ 4. 4. 

' l-Op'- - 1 + ■ l-Op-- - 1 f i-op'- -1 


+ 


tiip 
t 

as before. 


e >^l-0p’" 

ro// - 1 

^r—» ^ 


E; 


i-0p”{i;+1; X i-0p-»+... + .. .-c) 


Example .—Determine the expectation value of a forest now 45 years 
old, if that forest yields the returns given in the money yield table for 
the Scotch pine at page 120; rotation = 80 years; cost of formation = 
60 shillings; per cent. = 2^; and annual costs per acre = 3 shillings. 

1 025“ ( 3,004 + 87 X 1'025» + 118 X 1-023® 

_ + 134 X 1-025- + - 60 ) _ 

" l-025» - 1 

“F, = 1,597 shillings = £79 17«. Od. 

T.U. 


h 
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It was found before— 

At page 125. “.S, 

„ 133. HI, 

Total . . 

os above. 

In the case of the present growing stock being abnormal, 
the corresponding values must be introduced into the account 
(see page 184). 

h. Calculation under the Supposition that, after the cutting over 
of the present Crop, another Species or another Method of 
using the Soil is introduced. 

In this case, the value S' of the soil, corresponding to 
the new conditions, must be introduced into the account; 
then the rotation ?■' must be determined, under which the 
expectation value of the present growing stock reaches its 
maximum. 

The value of the forest is then represented by the formula— 

,„p, _ IV + T „. X r op’-'-” + ...-E d-op’--’" - 1) + s 'r 

l-Op'"-'" 


= 404 sbilliugs. 

= 1,193 „ 

= 1,397 „ = i'79 17s. Orf. 


2. Cost Value op a Forest. 

a. The Cost value of a Forest is equal to the Cost Value of the 
Soil plus that of the Groicing Stock 

(1.) For any soil value— 

*f;=s+ (S+e) (i-0p’“-i)+cxi%"*—[i'„xi-0p’"-“+...] 
”F, = (S + E +o) l-Op” - [T, X 1-Op—> + . .. + E]. 

(2.) By introducing the expectation value of the soil, the 
above becomes, for normal woods— 

”Fc = ^ 

— [T„ X 1-pp’"-® + . . . + i’] 

_ i-0p’”(i; + 2V X +... + +... 
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This, it will be observed, is equal to the expectation value 
of the forest. 

h. The Qost Value can be calculated direct out of the Expeiiees 
Incurred. 

The method is similar to that followed in calculating the 
cost value of the growing stock, but the value of the soil is 
added instead of the rental only; hence— 
“F,=,S'Xl-0j/‘+£(l’0/‘-l)+<'Xl-0p"‘-(7’„Xl-0;)”‘-‘‘+ . . .) 

(S + E + c) VOf" - ['J\ X rOp”‘-“ + ... + E], 
as before. 

3. Sale Value op a Forest. 

By the sale value of a forest is understood the value 
at which it could be disposed of in the open market. It can 
be estimated according to prices realised for forests of a 
similar description; but as it is difficult to estimate existing 
differences, the method is of subordinate importance. 

4. Rental Value of a Forest. 

By the rental value of a forest is understood the capitalised 
rental, which it is capable of yielding. If the annually equal 
rental is = li, the rental value would be— 

Rental value = 

■Op 

This method is only applicable in the case of a forest which 
can be so managed that it yields an annually (or periodically) 
equal rental. The rental is represented by— 

F, + r„+r„ +... + T,-{c + r X <'), 
and the rental value of the forest is— 

_ i; + T, + +_...+ T -Jc + r X ('). 

•Op 


L 2 
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CHAPTEE V. 


DETEEMINATION OP THE EEHTAL OP POEESTS. 


In order to convert any item of income, wbether it occurs 
once or after stated intervals, into an annual rental, it is 
necessary to ascertain the capital value of the income and then 
to multiply it hy ‘Op. For instance, the rental which corre¬ 
sponds to the thinning in the year a, and its recurrence every 
r years, is equal to— 

X X -Op 

l-Op' - 1 ^ 

The annual payment corresponding to the periodic cost of 
cultivation is expressed by— 

e X 1‘Op'' 


I'Oy - 1 


X ‘Op. 


1. Rental of the Soil. 


By the rental of the soil is understood the annual net 
return of the soil. It is represented hy the difference between 
the rentals of incomes and the annual payment of expenses of 
a wood, hence :— 

Soil rental It 


_rr,-|-T„Xl-0p’-»-|- . ■+T„Xl‘0tf-"-eXl‘0p,_ jri 

L ^ ro/-i -OpJ 

This rental, it will he observed, is the rental of the soil 
expectation value. Soil rental = 'Sf x ‘Op. 


2. Rental of the Fobesi. 

The rental of the forest is equal to the net return yielded by 
the forest (soil plus growing stock). In the case of the 
annual working, the forest rental is equal to— 

lif = i; + r,, -f . + '1\ - (c + r X e). 

t 
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CHAPTER VI. 

THE PIWAHCIAL RESULTS OP PORBSTRY. 

Thk subjects which will be treated in this chapter belong 
to that part of scientific forestry which is called, on the con¬ 
tinent, “Forest Statics”; that is to say, the science which 
weighs and considers the comparative merits of the different 
methods of treatment to which forests may be subjected. The 
financial results, or the rent-yielding power, of an undertaking 
are expressed by the proportion existing between the yield 
and the capital which produces it. Hence, when several 
methods of treatment lead to the realisation of the otherwise 
desired object, it should always be ascertained which of them 
does so in the most profitable manner: in other words, which 
of them gives the highest rate of interest on the invested 
capital. 

In the present instance, only the most necessary matters 
will be given, namely, the methods of calculating the financial 
results of forestry and their application to a few of the more 
important questions. 

SECTION I,-THE METHODS OP CALOULATINO THE FINANCIAL 
RESULTS OP FORESTRY. 

The financial results of forestry can be determined in one of 
two ways:— 

(1.) by ascertaining the “ profit,” that is to say, the surplus 
of receipts over costs of production, allowing compound 
interest at a certain rate on both; 

(2.) by ascertaining the rate of interest yielded by the 
capital invested in forestry, here called the “forest 
per cent.” 

Each of these two methods must be explained in detail. 
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THE FINANCIAL EESCLTS OF FORESTEY. 


1. DeteEmination of the Profit op Foeesiey. 
a. Calculation for the Intermittent Working. 

In the case of a single wood of approximately uniform age, 
the returns and costs do not occur at the same time, but at 
intervals of various duration; hence, they must be calculated 
for one and the same time. In the first place, that time shall 
be the commencement of the rotation when the area is about 
to be planted, or sown, for the production of a forest crop. 


i. Camulation roK A Blank Akea. 

Let as before— 

Yr bo the final yield occurring in the year r and again in 
2 X r, 3 X r, and so on for ever; 

T„, T,,. .. 7',,, the thinnings occurring in the years a ... q, 
and again in u -p r . . . q-\- r years, again in a + 2 X r 
...(/ + 2 X »' years, and so on; 
the cost value of soil; 

• (I ' 

E the capitalised annual expenses = ; 

c the cost of formation expended now, and again every 
r years; 

C the capitalised cost of fonnation = ! 

p the per cent, at which money can be made available for 
investment in forestry, and at which money taken out 
of the forest can be invested with equal security. 

Then the present value of all returns is— 

_ i; + 'J\ X 1 •(};/-“+ . . . + r„X 
~ VO]/ -1 

while the present value of all costs comes to— 

S, + E + C. 

Hence, the profit of forestry is expressed by the formula— 


Profit = P = 


Y, + T, X l-Op"~* +.. • + T, X 1-Op"’ 

l-Op' _ 1 
- (Sc + B H- C). 



DETERMINATION OF THE PROFIT. 


151 


This formula can also be written as follows 


/F,+ 7’„xr0/-‘+. . .+T,Xl-0/)’-"-«xr0;.- „ 

i-dy-i •'V 

It \fill be observed that the part in brackets represents tho 
expectation value of the soil; hence, the above formula 
reduces to— 

P = S. - Si. 


In words: the profit in the case of a blank area is equal to 
the difference between the expectation and cost values of the 
soil. From this fact the following conclusions can be 
drawn:— 

(1.) A profit is realised, if the soil had been acquired at a 
lower rate than that indicated by the expectation value 
of forest soil. 

(2.) A profit is also realised, if, although = S,. at the 
outset, the soil expectation value is afterwards increased, 
either by higher returns or by smaller costs, or both; 
in other words, by improved and more economic 
management. 

(3.) The greatest profit is obtained by tho adoption of the 
rotation, species, and method of treatment, which give 
the highest expectation value of the soil. 

(4.) If the cost value of the soil is equal to the expectation 
value, the profit is nil, and the capital invested in 
the forest yields exactly p per cent. If the cost value 
is greater than the expectation value, the forest 
industry involves a financial loss; in that case it is 
more profitable to take the capital out of the forest 
and invest it otherwise, as long as in this way p per 
cent, can be obtained with equal security. 


ii. Caix)ulation op the Profit for a Wood now m tears old. 

It is assumed that the returns and costs are of the normal 
amount. 
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The receipts consist of — 

(a.) All items of income realised between the formation of 
the wood and the year m, with accumulated interest to 
the year hi :—■ 

T„ X 1-Op’"-" + T,, X 1-Of'-'’ + . . . T,„. 

(h.) All items of income to be realised between the year m 
and the end of the first rotation r, discounted to the 
year m ;— 

T„ X vo p"-" + 7’ , X + i; 

(o.) All items of income to be realised during subsequent 
rotations, amounting to— 

T„ X l-O//-" + . . . + T",, X l-O;!’--" + r,. 

(I'O/- 1) X I'O/-™ 

The costs are — 

(a.) Past costs with compound interest to the year m :— 

S, X l-Op”* + E (1-0//" - 1) + c X 1-Op”*. 

(A) Costs to be incurred from the year m to the end of the 
first rotation:— 

E(l-0]/-’" ^1) 
l-Op’-^* ' ■ 

(c.) Costs to be incurred during future rotations 

E _ex l-Op” 

+ (pOp” - 1) X 1-Op’-"*' 

By deducting all costs from the receipts, the profit is obtained 
ind represented by the following formula:— 

Profit P = 

y,+r„xi-0p’-"+.. .+r„xrop’-<'-A'(i-op’-"'—1 ) , 

l-QpT-m (1- 

1 / y,+7’„Xl-0?i’-°+ ■ +7’„Xl-0?i”--’-cXl-0>i” ,,\ 
•op’->»\ rV-i ) ' 

iS,+E) {i-0p’“-i)+cx i-oji^-r^x i-op’“-“-.. .-r„]-s,(iii. 
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In this formula, part (II.) represents the expectation value 
of the soil discounted for r — m years, and the bracketed 
part of expression (III.) represents the cost value of the m 
years old growing stock; hence, the above formula can be 
written as follows ;— 

7,+7’„ X l-0p’-”+-+r„ X (l-0/-"'-l) 

1 - 6 /-"* 

- (S,+'"Cl). 

Here again, the positive part represents the expectation 
value of the forest (see page 144), and the negative part the 
cost value of the forest; hence— 

Profit P = “P, — ”P. = (S, - S,) X l-Op">. 

It will be seen that this formula agrees with that given for 
a blank, because for the year 0 the expectation value of the 
forest is equal to the expectation value of the soil, and the 
same holds good for the cost values. 

The conclusions drawn on page ISl, headings (1.) to (4.), 
with regard to the formula P = S,, — also hold good with 
regard to the formula P = ’“F^ — ’"f').. 


h. Calculation fur the Annual Worldng. 


In this case, the returns and costs occur regularly every 
year. If they are of annually equal amounts, the returns are 

= Yr+T,+ .+ 

The costs consist every year of— 

(1.) Interest on the value of the soil . = rX S^X 'Op; 
(2.) Interest on the value of the normal 

growing stock . . . . = "Gc X 'Op ; 

(3.) The annually recurring cost of ad¬ 
ministration, protection, taxes, etc. = r X c; 

(4.) The cost of formation . . . — c; 

hence, the annual profit— 


P=Y^+T, + ...+T,-c-rXe 
or, 

AnnualP 1%+T, +... + 

'Op 'Op 


— [r xS,+*(?,] X 'Op; 
^ - (,-Xg,+"ge). 
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Now:— 


Annual P 

--■ojr- 


= capitalised value of annual profit = total profit; 


•Op 


r X f 


= the expectation value 


of the forest under the annual working = F,; 

r X + ’’Gr = cost value of forest = F,,; 
hence, total or capital value of profit of the whole forest 
Total P = P. — P 0 . 


In words, the profit is equal to the difference between the 
expectation and cost values of a forest. For the rest, what 
has been said as regards the intermittent working holds also 
good in respect of the annual working, and vke vmd, because 
a series of age gradations may be considered as so many 
separate woods of various ages; the profit calculated for the 
series as a whole must be equal to that obtained by adding 
together the profits derived from the several age gradations, 
each calculated for itself. 


Oiven tho data as before, that is to say, the return.^ to be 
those of the yield table on p. 120, 

ji = 25 per cent.; c = .'! shillings; c = (iO shillings; r = 80 years. 

(1.) Caloulato the profit per blank acre, if the soil was bought for 
300».— 

From previous examples it is known that S, — lOts.; hence— 

I’rofit = 401 - 300 = 104». 

(2.) Calculate the profit of a wood 43 years old under the same 
conditions. 

It was found at page 145, that “F’e = 1,597«., while 
= (300 + 120 + 60) X 1-025" - [3 X 1-023“ + 44 X l-02o-’ + 120] 
“F, = 1,281 shillings; hence— 

P = = 1,597 - 1,281 = 316 shillings. 

But also P = (S, - SJ 1-Op" = 104 X 1-025" = 316 shillings. 

(3.) Calculate the profit of a normal series of age gradations, that is to 
say, for tho strictly annual working. 

Total Profit = 

Now, = Se + = 80 X 404 + 91,360 (see page 141). 

vonmijr^ — 123,680 shillings. 
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while 

fwnnaip^ — normalQf • 

,S'„ = 80 X 300 = 24,000 shillings. 

= 1^(300 + 120 + GO) (l'02o"»-l)- | 6 X (l'02o“ - 1) 
+ 44 (1-025'” - 1) + 8“ (1-025® - t) + 118 (1-025® - 1) 


hence — 
and 


+ 134 (1-025'” - 1) I ^ 4- -025 - 80 (300 + 120); 
’•"'■"“'ffc 73,836 shilling.?, 

— 21,000 + 73,836 = 97,836 shillings, 
Trofit = 123,680 - 1)7,836 = 25,844 shillings. 


2. Determination of tub Bate of Interest yielded by tub 
Capit.al invested in Forestry, called the Forest 

PER CENT. 

a. CalcidalioH for thr Julcnnitlrut Working. 

Under tho intermittent working, the rate of interest 
changes from year to year, because the capital as well as the 
increment change with the advancing age of the wood; hence, 
it is necessary to distinguish between the current annual and 
the mean (or average) annual rate of interest. 

i. CuHBKNT Annual Hate of Intekest. 

As indicated on page 113, the rate of interest is expressed 
by the fraction 

Bate of interest = 

where C represents the capital which has produced the amount 
I in the shape of interest. The per cent, is then 

per cent, j) = ^ x 100. 

This formula is used in the case of forestry, and it remains 
only to introduce the proper amounts for I and C. In other 
words, the current annual rate of interest is equal to the 
net annual value increment of a wood divided by the cost 
value of the wood at the commencement of the year in 
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question. The current annual per cent, is equal to that 
quotient multiplied by 100. 

Let— 

be the utilisation value of a wood at the end of the year m, 

^m+l )i »» »» II 11 II II II m+1, 

then Vm, I — T„, represents the increase in value which has 
been produced during the year m + 1. Deducting from 
' this r, the annual costs, the net increase in value is equal to— 

V — Y — f 

w, 4 1 •* m 

The cost value of the wood in the year m (or beginning of 
the year mi + 1) is represented by— 

(a.) The value of the soil with compound interest to the 
year m = X VOp". 

(b.) The cost of formation with compound interest to the 
year m = c X 1‘Op*. 

(c.) The value of the annual costs during m years with 
compound interest calculated for the end of the 

year m = — — ^ = E (DOp”' — 1). 

{d.) From these amounts must be deducted all returns 
realised between the formation of the wood and the 
year mi = 

X + Tj X 1-Op”'-*' +... + X rop”'-* + r„,. 

The current forest per cent, "‘" j^ti with which the invested 
capital has worked during the year m + 1, is, therefore, 
expressed by the formula— 

mrr.p^- 

_ _^,,^„-c)l(»_ 

(iS.+£ + c)Xl-Op’'‘-(7’„xr-Op”'-“+n><l-Qp"^ + • • ■ +2m+^r 

The denominator in the above formula can also be written 
thus:— 

. iS,+E) d-Op’" -1) +<■ X l-0p“- {T,X l-0p»-“+... +9,. 

On reference to page 186, it will be seen that this 
, expression represents the cost value of the growing stock 




MEAN RATE OF INTEREST. 


157 


immediately after the thinning in the year m has been made, 
plus the cost value of the soil; hence, the formula for the 
forest per cent, reduces to— 

+ 100 
S. + “G. "Fo 

By substituting the utilisation value of the growing stock 
for its cost value, the formula becomes— 

—(Y-.i -Ym-e) X lOO 

P'- s„ + y„ 


The latter formula is used, when m is anywhere near the 
end of the rotation. 


Jixamiik—Let H = 404 shillings; c = 3 shillings ; ^ = 2J per cent.; 
= 60 shillings; other data those on page 120. Then 

„ (l.OSo - 986 - 3) 100 . o , 

“■“/'/= ^^404Ta86'-= 


60-61 


'Pf 


10 - 71 ,, 


(1,639 - 1,563 - 3) 100 _ . 

~ 404 + 1',563 ■■ ' 

(2,269 - 2,18" - .3) 100 _ 

404 + 2,117 

= 2-5 

> ! ~ 404 + 2,860 

_ (?!«4q_^.3^- onqo ^ 

~ 404 + 3,658 


It will bo observed that the forest per cent., from the 50th 
year onwards, is at first large but falls with the advancing age 
of the wood. At the year 80—81 it is equal to the general 
per cent, p = 2^ %; after that time it is smaller than 2^ 
Hence, the current annual forest per cent, is utilised to 
ascertain the financial ripeness of a wood. 


ii. Mbak anncal Rate op Istkekst. 

The mean (or average) rate of interest is ascertained by 
converting all net returns into an equal annual rental and 


* This formula differs from that usually given in Continental works, which is 
as follows:- 

.. (Im+l - ■* m) 199 


It is easy to show that this formula is correct only for tiie year in which 
cum = general per cent.j?. 
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dividing it by the producing capital. The quotient multiplied 
by 100 gives the mean annual forest per cent. 

The best time for making the calculation is the commence¬ 
ment of the rotation. At that time, the annual net rental is 
represented by the expression— 

/'y,+T’„,Xl-0/-'‘+ ... +y,Xl-0p’-''-cXl-O/ 

[ 1-0/-T 


The producing capital at the commencement of tlie 
rotation is equal to the cost value of the soil = S,. Hence, 
the mean annual forest per cent, under the intermittent 
working is— 


“IV = 


( Yr+TaXV0 p'-^+ .^ ±T^_ \ 

I _^'•-1 _yjXOp 


X 100. 


mean _ • 


P, = -XP. 

If »*?,, ^ Se, then ^ p. 


If the expectation value of the soil is equal to the cost 
value, then the mean annual forest per cent, is equal to the 
general per cent p, which proves the correctness of the above 
fomula. 

The highest mean annual forest per cent, is obtained under 
that rotation for which the expectation value of the soil 
culminates; it is then equal to the current annual forest per 
cent. 


Example .—GKven the same conditions as before— 

S, = 404*. 

If the cost value of the soil is also 404s., then 
404 

”““* 71 / = ^ X ii'o = 2'3 por cent., 

equal to the general per cent, p, with which the value of 8, has been 
calculated. 
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'JlSe = .“iOO Bhilliugn, tiieu 
404 

= X 2’j — ;i'4 iior oeut. 

olKi 

If 8c = jOO shillings, then 
404 

tuMn,, _ V 2'o = 2-0 per cent. 

' yOO 

In the latter case, money is lost; hence, the capital had bettor he'taken 
out of the fOTOst, and invested elsewhere, if at least 25 per cent, can he 
ohtained with ecpial security. 


h. Ccdcalafkm for ike Annual Workbifi. 

Under the annual working, with equal annual increment, 
yield, and costs, the current annual forest per cent, is equal 
to the mean annual forest per cent. In this ease, the annual 
net return of r units of area amounts to— 


Y, + T„+... + 'I\-c-r + r, 
and the producing capital to— 

r X Sc + of r age gradations; 


henoe- 


rXSc + ’‘Gc 

’LX c ^ JQQ 

c 

By multiplying and dividing the enumerator in this formula 
by •Op, the following is obtained 

i; + 3^-i^. ^ ^ r 

■Op 


wean ^ 

Pj — 


-) 


X 100 X -Op 


K 


or, as the part in brackets is equal to the expectation value of 
the forest = F ,,:— 

P* 

"■•“Pf = jT X p. 

This formula is identical with that obtained above for the 
profit = F.-F„:— 
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The highest mean annual forest per cent, under the annual 
working is obtained for that rotation under which the expec¬ 
tation value of the forest reaches its maximum; in the above 
example about 80 years. 

SECTION n.-THE FINANCIAL TEST APPLIED TO THE METHOD 
OP TREATMENT. 

If the profitableness of the method of treatment is to be 
tested, or if several methods are to be compared, it must be 
assumed that in each case those conditions exist which render 
the method in itself as profitable as possible. In that case it 
may be said that the most advantageous method of treat¬ 
ment from a financial point of view is that which yields the 
highest profit, or the highest mean annual forest per cent., 
provided, in the latter case, that the capital is the same under 
each method. If the capitals differ, the following cases must 
be distinguished: 

(1.) The method employing the greater capital is the more 
profitable, if it gives the higher forest per cent. 

(2.) The one with the smaller capital is the more profitable, 
if it yields an equal or a greater amount of interest. 
If it yields less interest and yet a higher forest per 
cent., it cannot be decided off-hand, whether it is the 
more profitable or not, as the total profit depends on 
two factors, namely the rate of interest and the amount 
of the invested capital; hence, it is necessary to calcu¬ 
late the actual amount of profit for each ease, and to 
compare the one with the other. 

The above-mentioned tests may be applied to all questions 
connected with forest management. Of these'the following 
are the most prominent 

1. Choice between Fobestey and Aqriculiuee as eeoards 
A Piece of Land. 

Of these two methods of using the land, that is the more 
profitable which yields the highest net rental of the soil. 
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Kental of soil under forest = 

fy. + T„X 1-Oj/-" + + Xl-O/ ,r\ 

L 1-Oj)’- - 1 ~ ^ 


Bental of soil under agriculture = net letting value. 


J'Jmmjt/e .—Is it more profitable to use an acre of land for afp’icultnre 
or forestry under the following conditions ‘f 

£ 8 . <!. £ 8 . < 1 . 

Annual lotting value under agriculture . 0 15 0 

Cost of administration = o per cent . .009 

Kates and taxes.0 2 0 

--0 2 9 


Annual net return per aero . . . . 4'0 12 3 


Expenses under forestry:— 



Cost of planting with larch 

4 10 

0 

Fencing. 

1 .5 

0 


£‘5 15 

0 ^ II.'m. 

Coht of administration per acre . 

0 3 

0 

Kates and taxes. 

0 2 

0 


— 

— = 5s. 

Endoqdauting with beech at the ago of 20 

years 

= 60.-!. 

Expected returns:— 



Thinning at the age of 20 years, value . 


. 206. 

M M 30 „ „ . 


. 150s. 

„ „ M 40 „ . 


. 200s. 

M »» 1> i>'> M », 


. 250s. 

Final yield ,, „ 70 ,, (4,000c'.) 


. 4,000s. 


Shooting rent from the lOth to 70tli year = 3s. annually. 

Interest to be at the rate of 3 per cent. 

The expectation value of the soil under forest will be:— 

4,000 -h 20 X 1-Oa™ + 150 X l‘0a^0 + 200 X 1*03=’‘> + 250 X 1 - 031 ® 
3 ('l*03®o — 

+ —- r.v-- - 115 X l-03’« - 60 X 103-'0 

_ 'Uo o 

i-o:)™ - 1 ■ TO 

Using the tables in Appendix II., the following equation is obtained:— 

_ 14,000 + 20 X 4'3839 +150x3-262+ 200x2-4273+ ) 

’ ~ ( 250 X 1-558 + 1(K) X 4-8916 - 115 X 7-9178 - 60 X 4-3839 j ^ 

- 166-6667 

H. = 4767-517 X -1446 - 166-6667 
S. = 522-7163 shillings. 


F.M. 


M 
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Net annual rental = 

S, X -o;! = 522-7163 X -03 = 15-68158. = £0 15s. M., 
whici compares with £0 12s. W. under agriculture. 

2. Choice of Species and Silvicdlxdkal System. 

In both cases, the choice is determined by the amount of 
the expectation value of the soil for various species or systems. 
It depends chiefly on— 

(u.) The value of the returns and the time when they 
occur. 

(/).) The cost of formation and the amount of the annual 
expenses, if they differ for different species or different 
silvicultural systems. 

(c.) The rate of interest. 

Example.—Jt has been shown on page 125 that an acre of land put 
under Scotch pine, which gives the i-etum in the table on page 120, shows 
the value of S, = 404«. The same acre put under Insech, which yields 
the returns in the table on page 121, gives the value of 8'j = 366s. 
Hence, it is more profitable, under the given conditions, to plant Scotch 
pine than beech. 

3. Choice of Method of Formation. 

The choice depends on the amount of the expectation 
value of the soil under the various methods of formation, such 
as planting, sowing, or natural regeneration. 

Example .—An acre of land planted with Scotch pine, and j-ielding the 
returns in the table on page 120, shows a soil expectation value of 404«. 
(see page 125). Assuming that the land is naturally regenerated, and 
that some assistance would have to be given by planting up blanks, or 
by sowing seed, 5 years alter the commencement of the natural regenera¬ 
tion, at a cost of 20 shillings an acre, and that, owing to the slow 
development of the plants while young, the rotation would have to be 
raised from 80 to 90 years, thereby delaying all returns by 10 years. 
Will it be more profitable to plant, or to regenerate naturally ? 

Under the system of natural regeneration, 

3,004 -b 5 X 1-025“ -|- 44 X 1-026“ + 87 X 1-025™ + 118 
„ X 1-025“ + 134 X 1-025“ - 20 X 1 025“ 3 

“ l-025e» - 1 -026 

This gives = 305 shillings. It is more profitable to plant than to 
regenerate natui-ally. 
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4. Choice of Method of Tending, espIscially in respect of 
THE Time and Strength of Thinnings. 

This is best eifected by calculating the expectation value of 
the growing stock for the different methods of thinning, and 
comparing them. 

Examjile, —Ib it more profitiiblo to thin moderately and make for a 
heavy final crop, or to thin more heavily and he Batisfiod with a smaller 
final croii ? Let the valiio of the returns in the two oases be as follows:— 


A SO. 

Thiiiniiig. 

Heavy Thiiniing. 

30 

Thinning value, 

oOji. 

Thinning value, lOOx. 

40 


100;?. 


.->0 

„ „ 

150.V. 

„ mh. 

60 

*1 „ 

20().v. 

„ „ Mm. 

70 


25Ua-. 

„ „ TiOOw. 

SO 

Final yield 

4.(too*. 

Final yield . 3,000,>f. 


Under the system of light thinnings, the value of the returns calculated 
for the end of the rotation comes, with li per cent, interest, to:— 

= oO X + 100 X 1-03“ + 150 X l-03»» + 200 X I'O.'!® 

+ 250 X I'OSio + 4,000 = 5,607«. 

Under the system of heavy thinnings 

= 100 X 1'03»> + 150 X 1-03" 4- 200 X I'O.'!* + 300 X 1-03'“ 

+ 600 X 1-03“ + 3,000 = 5,fi2i«. 

It is slightly more profitahle to thin heavily, provided that the final 
crop fetches the same price per cubic foot in both cases. If the final 
crop under the system of heavy thinnings brings loss per cubic foot than 
under that of light thinnings, the latter will be the more profitable. 

5. Dbiermination of the Financial Eipbnees of a Wood. 

The financial ripeness of a wood, say m years old, is gauged 
by means of the current annual forest per cent. As long as— 
(n,+, - F,„ -■ c) X 100 

is greater than the general per cent, p, the wood is not ripe. 
If “"py = p, then the wood is just ripe. If then 

the wood is past ripeness, and, if left standing, a financial loss 
is incurred. 

M 2 
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6. Detekminahon of the Financial Eotation. 

The financial rotation, or that which gives the best financial 
results, niay be determined in various ways, as:— 

(a.) The rotation which yields the highest expectation value 
of the soil, or the highest soil rental. 

(h.) The rotation which, taking a certain value of the soil, 
gives the largest profit or the highest mean annual 
forest per cent. 

Subjects 5 and (i will be more fully dealt with in Part III. 



PART 1. 

FOREST MENSURATION. 
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FOREST MENSURATION. 

Forest Mensuration deals with the determination of the 
dimensions, volume, age, and increment of single trees and 
whole woods. 

These determinations are required for the calculation of the 
material standing on a given area, the yield which a wood can 
give, and the value of single trees, whole woods, and forests. 
They servo also as the basis for the calculation of the effects 
of different methods of treatment. 

As a rule, the units of measurement employed in Britain 
and India are the foot, square foot, and cubic foot. 

The subject has been divided into the following chapters :— 

Chapter I.— Insiedmenis used in Forest Mensuration. 

„ II.— The Measurement op Felled Trees. 

„ III.— The Measurement op Standino Trees. 

„ IV.— The Measurement of Whole Woods. 

„ V.— Determination of the Age op Single Trees 

AND Whole Woods. 

„ VI.— Determination op the Increment op Single 
Trees and Whole Woods. 



CHAPTER I. 


INSTBTIMENTS USED IN FOEEST MENSUBATION. 

Instruments are required to measure the circumference or 
diameter of logs and trees, the length of logs, the height of 
trees, and the increment. Such measurements have for their 
object either to ascertain the various dimensions, or to 
calculate from them the volume; in the latter case, the 
measurement of the girth or diameter is used to calculate the 
area of the cross-cut section, on the assumption that it forms 
a circle. This is generally called the sectional or basal area. 

The instruments may be classified as follows :— 

1. Instruments for the ME.\snREMENT of the Girth. 

The girth may be measured with a tape, or with a string 
and tape. 

The tape consists of a band, about half an inch in breadth, 
so constructed that it alters its length as little as possible 
when moist. It is divided on one side into feet, inches, and, 
if necessary, decimals of inches; on the other side, the 
sectional areas corresponding to the length of girth are 
sometimes noted. It is useful to have a small hook on one 
end which can be pressed into the bark when the girth 
exceeds 5 feet. Long tapes are rolled up in cases which are 
made of leather, wood, or metal. Of late years, flexible steel 
tapes have come much into use. 

The advantages of the tape are that it is easy to handle 
and convenient to carry. Measurements with it are, however, 
subject to various sources of inaccuracy amongst which the 
following deserve to be mentioned:— 

(a.) The sections of most trees are not circles. 
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(6.) Owing to the presence of a rough bark, the measured 
girth is too large. 

(c.) Irregularities in the tree are difficult to avoid. 

(d.) The tape is frequently not applied at right angles to 
the axis of the tree. 

In order to avoid some of the disadvantages of tape measure¬ 
ments, a thin string is sometimes used which is then held 
parallel to a graduated tape or rule. In this way, more 



accurate results may be obtained, but the procedure takes 
more time, and is therefore not employed where large numbers 
of trees have to be measured. 


2. Insthombnts fok the Mbasukbment op the Diameter. 
The diameter of cross-sections of trees is measured with an 
ordinary rule or a tape; in all other cases, the calliper is used, 
or sometimes the tree compass. 

a. The Calliper, or Diameter Gauge, 

It consists of a graduated rule and two arms. Of the latter, 
one is fixed at one end at right angles to the rule, so that 
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its inner plane lies in the starting point of the graduated 
scale; the other arm moves along the rule, parallel to the 
fixed arm. 

In using the calliper, the tree is brought between the two 
arms until it touches the rule, then the fixed arm is 
pressed against the tree on one side and the mova'ble arm 
shifted until it touches the tree on the other side. The 
diameter can then be read off on the rule (Fig. 1). 

The length of the rule and of the arms depends on the size 



of the trees to be measured; each arm should be at least half 
the length of the rule. Callipers exceeding 4 feet in length 
are rarely used. The rule is divided into units which 
depend on the desired degree of accuracy. Ordinarily, they 
will be inches or two inches; in some oases half inches, and 
for very accurate measurements decimals of inches. 

Where large numbers of trees are to be measured, it is- 
desirable to round off the limits of each unit; for instance, if 
the rule is divided into intervals of inches, the first division 
line is placed at I inch from zero, the second at'lj, the third 
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at 2J, and so on (Pig. 2). In this way, all trees measuring from 
J to 1| inches are recorded as having a diameter of 1 inch, 
those from 1^ to inches as 2 inches, and so on. 

A good calliper must fulfil the following conditions:— 

(1.) It must be sufficiently light so as not to fatigue the 
labourer, and yet sufficiently strong to resist the wear 
and tear to which it is likely to be subjected. 

(2.) The two arms must be at right angles to the rule, or at 
least parallel to each other when pressed on to the 
tree. 

(8.) The movable arm must move with sufficient ease along 
the rule. 

Callipers of iron would be too heavy and two cold in winter. 
The former objection has been removed by making the in¬ 
strument of aluminium. However, up-to-date callipers are 
generally made of wood. As wood alters with the degree of 
humidity, the movable arm is liable to jam at one time, or to 
move too easily at others. To avoid this drawback, various 
constructions have been adopted, resulting in a number of 
callipers of which the follow¬ 
ing two deserve to be specially 
mentioned 

Gustav Heyer’s Calliper .— 

The distinguishing feature of 
this instrument is that the 
rule is given, in section, the 
shape of a trapezium, and 
that it is pressed up or down 
in the movable arm by means 
of a wedge, so as to counter¬ 
act the swelling or shrinking 
of the wood. In Fig 3, a 
represents the cross-section of 
the rule, b the wedge, and c 
the section of the movable 
arm. • The wedge is fastened 



Fig. 8.—Heyer’s Calliper. 
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to a screw which can be 'moved by a key at d. On moving 
the wedge from left to right, it presses the rule upwards and 
thus tightens it; on moving the wedge from right to left, it 
releases the rule, and enables it to move more freely. To 
force the rule to follow the backward movement of the wedge, 
a spring is fastened at e which pushes it from right to left, 
so that it is always kept in touch with the wedge. 

Friedrich’s Calliper .—In this instrument the section of the 
rule has the shape of a rectangle, while the opening of the 
movable arm is larger than the section of the rule, and 
placed slanting towards it. At the same time, it is so shaped 
that, on being pressed against the tree, it assumes a position 
which is at right angles to the rule (Fig. 1). In this position 
the arm rests on the two points, a (below) and b (above). As 
these points are liable to wear away, thus causing the arm to 
assume a position which is no longer at right angles to the 
rule, Bohmerle has added a spring at h which can be moved 
by a screw, until the true position of the arm is established. 

b. Accuracy of Measurements with the Calliper. 

To ensure the greatest possible accuracy, the following 
precautions must be taken:— 

(1.) Moss, creepers, etc., found on the tree must be removed 
before measurement. 

(2.) In the case of an abnormal swelling or indenture, the 
measurement must be taken above or below it, or both 
and the average taken. 

■(3.) In the case of eccentric or elliptic trees, two diameters 
at right angles to each other must be measured and 
the mean taken. 

(4.) The height fixed for the measurement must be strictly 
adhered to. 

(6.) In the case of a tree which is divided into two or more 
limbs below the fixed height of measurement, each 
limb must be measured and recorded as a separate 
tree. 
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(6.) The calliper must be placed at right angles to the axis 
of the tree, and the rule must touch the tree. 

(7.) The reading must be taken while the calliper rests on 
the tree, and not after it has been withdrawn. 

c. The Tree Compass. 

The shape of this instrument will be understood on reference 
to Fig. 4. The diameter of the tree or log is taken by the 
two points c and ci, while it can be 
read off at h at the are ,/'</. 

In order to produce sufficient 
stiffness in the arms of the com¬ 
pass, they have to be made of 
metal which makes the instrument 
very heavy and unsuited for con¬ 
tinued use. 

d. Dcndrnwtns. 

In some eases, certain dendro- 
meters are used to measure the 
diameter of trees at some height 
from the ground. The theory 
is this:— 

The angle which is formed by 
two rays running to the two sides 
of the tree is measured, as well as 
the distance of the eye of the observer from the tree. From 
these data the diameter is calculated. Instead of the angle, the 
distance a b between the two lines of sight can be measured, in 
which case the diameter is obtained in the following way 
(Fig. 5 on next page):— 

C A: Ca = A B: a b, 
and 

AB=~^ Xah. 

Ca 

If, therefore, the instrument gives a h and C a, and the dis¬ 
tance C A has been measured, the diameter can be calculated. 
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So far, instruments of this class have not obtained a footing 
in practice, because those at present available either do not 
work with suificient accuracy, or take too much time. 


3. Instruments for the Measurements op the Diameter 
Increment. 

The diameter increment of prepared sections is measured 
with an ordinary rule, or with a pair of compasses and a rule. 



Such rules are made of metal or wood, and are sufficiently 
sub-divided. 

If no section is available, as in the case of standing trees, 
the measurements are made with Pressler’s Increment Borer 
(Fig. 6). This instrument extracts a cylinder of wood from 
the stem, and it consists of the following parts:— 

(a.) A hollow borer, A, which is slightly conical from the 
handle towards the point. 

(A) A handle, B, which serves as a lever when the instru¬ 
ment is in use. It is hollow and receives the borer, 
wedge, and cradle, when the instrument is not in use 
(see E in figure). 
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(c.) A wedge, C, which Has a scale marked on one side 
wherewith to measure the breadth of the concentric 
rings; it is roughly toothed on the other side to assist 
in extracting the cylinder of wood. 

(d.) A cradle D, into which the cylinder of wood is placed 
after extraction, to prevent its breaking. 

The borer is used in the following way :— 

It is screwed in a radial direction into the tree, at right 
angles to its axis, to the desired depth, whereby a cylindrical 
column of wood enters the hollow borer, and is severed from 



the tree except at its base; then the wedge is inserted 
between the column of wood and the inner wall of the borer, 
with its toothed side towards the former, and firmly pressed 
in. This prevents the cylinder from turning round inside the 
borer during the following operation. The borer is then 
screwed backward one or two turns, whereby the base of the 
cylinder of wood is severed from the tree. The borer is then 
screwed further in which causes the severed cylinder of wood 
to be pushed back until it can easily be withdrawn and placed 
into the cradle. In this way, a column of wood is obtained 
of about ‘2 inch diameter and from 2 to 6 inches long 
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iccording to the length of the borer. The breadth of the 
joncentric rings is then measured. If the rings are not 
iistinct, a smooth surface may be prepared with a sharp 
inife. 

1. Instruments foe the Measurement of the Length of 
Felled Trees and Logs. 

The length of felled trees and logs is measured with a tape 
ir measuring staff. The former has already been described. 
The staff varies in length up to about 15 feet; it should be 
made of hard, straight-grained, well-seasoned wood, and well 
Famished to protect it against moisture. The ends may 
isefully be capped with metal plates. 

5. Instruments foe the Measurement of the Height of 
Standing Trees. 

The instruments which have been designed for measuring 
the height of standing trees are very numerous, but they are 
all based upon one of two principles : either they determine 
the height by means of similar triangles (geometrical height 
measuring), or they serve to measure the angles of elevation 
and depression (trigonometrical height, measuring). 

a. Geometrical Height Measuring. 

If a horizontal plane is drawn from the eye of the observer 
to a tree, it will hit the same, according to the .position of the 
jbserver, either between the top and the foot of the tree, thus 
dividing it into two parts, one of which is situated above and 
the other below the horizontal plane; or above the top; or 
below the foot. If the observer holds a plumb-line at some 
distance from his eye, it may be considered parallel to the 
ixis of the tree ; hence, by looking at the top and foot of 
ihe tree, similar triangles are formed which are used for 
;he determination of the height of the tree. 

Let A B (Fig. 7) be the height of the tree. 

E B, a, ray from the eye of the observer to the top of 
the tree. 
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E A, & ray from the eye of the observer to the foot of 
the tree. 

E C,& horizontal line. 

a, h, and c, the points where the three rays hit the 
plumb-line. Then the height is determined as 
follows:— 



Eig. 7. 


(1.) The horizontal line hits the tree between the top and 
foot. Here the following equation holds good:— 

BC -.he = EGiEc 
id K C 

Tt /~1 __ I - V .. A-J 


Again, 


Hence, 


BC = bc X 


AC: ac = EC:Ec 

4 ^ EC 

A C — ac X -rr--. 

Mj c 


BC-^AC=:AB=z height of tree = ^6 c -f o X 

. E C 

or, H = ab X —. 

Jli c 

(2.) The horizontal plane passes below the foot of the tree. 
In that case (Fig. 8):— 

H = BC-AC = (bc-ac)x^ = abX~. . 

Mj c Hj c 
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In each of the above three cases, two measurements are 
required, unless the foot of the tree happens to be at the same 
level as the eye of the observer. The horizontal distance E C 
must be measured, and a c,b c and E c are read off upon the 
instrument. 

The measurement of E C can be avoided in the following 
manner (Fig. 10):— 

A staff M N, of a known length = I, is placed alongside the 
tree, so that both its ends can be seen. In this way, the 
plumb-line gives two further points, m and n, and the similar 

-1-B 



Fig. 10. 



triangles, E C M and E c m, as well as E C N and E c n, so 
that the following equations hold good :— 


and 

hence, 

and 


E C : E c = A B : a b 
EC:Ec = MNimn; 
A B : ab =: M N : mil 


A B = H = ab X 


MN 


ab X 


I 


m n . Ill n 

The Indirect determination of the distance by means of a 
Staff is less accurate than measuring it on the ground, as it is 
F.M. O ' 




18 1N9TBUMENTS tJSED IN MBNSCBATION. 

difficult to read off m n with sufficient accuracy, owing to its 
smallness and the necessarily primitive arrangement of the 
height-measuring instruments. 

If the length of a i can be read off at once, the 
business becomes more simple, and may be expressed as 
follows:— 

If two parallel objects are cut by diverging rays, then the 
portions of the parallel objects lying between the said rays 
are proportionate to the lengths of the rays. 

Let jE A (Fig. 11) be the length of ray from the eye of the 



Fig. 11. 

observer to the foot of the tree, E a that from the eye to the 
plumb-line, A B = 11 the height of the tree, and a h the 
length of the plumb-line between two rays going from the eye 
of the observer to the top and foot of the tree, then:— 

E a : E A = a h i A B, and 

AB = H=^Xab. 
h a 

In this ease, E A can easily be measured following the surface 
of the ground, whether it be level or slanting, while E a and 
a 6 are read off on the instrument. 

Measurements made with the above-mentioned hypsometers 
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ate liable to yield inaccurate results, owing to the following, 
causes:— 

(1.) Inaccurate reading owing to the unsteadiness of the 
plumb-line in windy weather, or in consequence of a 
shaky hand. ^ 

(2.) Inaccurate measurement of the base line. 

(3.) Slanting position of the tree. 

Other things being equal, the most accurate results are 
obt^ed if the dista|§|b^. the observer from the tree equals 
the n^iit of the tree/ 

The inaccuracy of the better hypsometers does not exceed 
2 per cent, of the height of the tree. 



6. Trigonometrical Height Measuring. 

This is based upon the measurement of the angles of eleva¬ 
tion and depression indicated by rays running from the eye of 
the observer to the top and foot of the tree. In i^E C B 
(Fig. 12)- 

B C = E C X tan, u, 

and in A £ C ^ 

A C = E C X tan, I; 

hence, A C B C — height — H ■= E C (fan. I + tan, u). 

a 2 
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If the horizontal line of vision passes below the foot of the 
tree, the above formula becomes— 

' H = K C (fan. u — tan. 1). 

If it passes above the tree— 

If = E C (fan. I — tan. n). 



In each of these cases the measuring of the horizontal line 
E C can be avoided by placing a staff of known length along¬ 
side the tree. In that case (Pig. 13)— 

M C = E C X tan. ni; N C = E C X tan. n 
and 

M N = E C (tan. m -f- tan. n); 

hence, 

£ C = 

tan. m -j- tan. n 


By introducing this value into the former equation, the 
height is obtained as— 


H = MN X 


(tan. I tan, u) 
tan. m -f- tan. n ’ 
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All instruments which measure vertical angles are suited 
for trigonometrical height measuring. For practical purposes, 
it is desirable that the instrument should not require a 
stand; it is a farther advantage if, besides the angles, the 
corresponding tangents are marked on it. 


c. Dcscrijition of some of the more tmefiil InatnmenU. 

The number of hypsometers, based upon the above theories, 
is very lai'ge, some being used with stands and others without. 
Only the latter are really useful for forest operations. Of 
these the following three will be described :— 



Fig. 14.—Weise’s Hypsomcter. 


Wekc's Instrument .—It consists of (1) a tube T with an 
objective in the shape of a cross at one end 0 and an eye¬ 
piece E at the other. (2) A scale fastened longitudinally to 
the tube (called the height scale, H, Fig. 14) which is toothed 
on one side, has the zero point some distance from its end, 
and is graduated from it in both directions. (3) A second 
scale, D, moving at the zero point of the height scale and at 
right angles to it (called the distance scale). From the upper, 
or zero, point of this scale depends a plumb-line P. 

When not used, the distance scale and plumb-line are kept 
in the tube. 
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In using the instrument, a position is chosen from which 
both the top and foot of the tree can be seen; then the 
horizontal distance from the point of observation to the tree 
is measured, and the distance scale drawn out until it indicates 
at the zero point of the height scale the number of units in 
the distance; then the tube is raised and directed towards the 
top of the tree, taking care that the up and down line of the 
objective keeps a vertical position. As soon as the horizontal 
line of the cross covers the top of the tree, the tube is gently 
turned from left to right, thereby causing the plumb-line, 
which hitherto swung free, to be caught by the toothed edge 













Fig. 16. 


of the height scale. The instrument is then taken down 
and the number of units from -the zero point to the point 
where the plumb-line was arrested read ofif. This number 
gives the number of feet (or yards, as the case may be) from 
the horizontal of the eye of the observer to the top of the tree. 
To this must be added (or deducted) the difference in height 
between the eye of the observer and the foot of the tree, 
which is obtained in the same way, by directing the tube 
towards the foot of the tree, and reading the number of units 
on the height scale towards 0. An improvement of th« 
instrument would be the addition of a guide for the plumb' 
line. 

'The theory of the instrument rests upon the smilai^y b 
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the triangles with the sides R H D and rhd; that is to say, 
the following equation holds good:— 
d:h = D-.H 

'and 

H=Dxl. 



Fig. IG.—Christen’s Hypsometor. 


If, therefore, the units of the scales, which give h and d, are 
of the same size, and d is so fixed that its units are the same 
number as the units of the measured distance D, it follows 
that the above formula gives the height above or below the 
horizontal, as the case may be. 

ChriBten’e Instrument .—It consists of a piece of metal (sea 
Fig. 16) with protruding upper and lower edges (see a and b). 
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The instrument is based upon the theory explained on page 
17, which avoids the measurement of a base line. A staff of 
known length = I, say 4 yards, is placed alongside the foot of 
the tree. The instrument is then held in a vertical position 
at some distance from the observer’s eye, and moved backward 
and forward, until the top of the tree is seen along the upper 
edge a, and the foot along the lower edge h ; then the point is 

marked where a ray from the eye to the top of the staff hits 

the instrument at c. In this way similar triangles are formed 
in which the following equation holds good : — 

. T. fi b , {lb . 

A B = , X I, and b c = , ,, X 1. 

be A H 

If now a ft = 12 inches, and Z = 4 yards, and successive 
values for A B, the height of tree, are introduced, correspond¬ 
ing values of ft c are obtained and can be marked on the 
instrument. In this way, the heights can be read off straight 
on the instrument. For convenience sake, the marks on the 
instrument are cuts, so that the place on the scale, where the 
top of the staff cuts in, may be more easily fixed. 

The instrument has the disadvantage that the marks are 
very close one to another for heights over 30 yards. This 
has lately been obviated, to some extent, by lengthening the 
instrument, and making it with a clasp in the middle. When 
out of use, it can be folded together. 

It is evident that, instead of using a staff 4 yards long, one 
of, say, 2 yards can be used. In that case, the height read 
off on the instrument must be divided by 2. 

The instrument works well for heights up to 30 yards; for 
higher trees it is not sufficiently accurate. 

Brandis' Hypsometer (Fig. 17) is based upon the trigono¬ 
metrical method of height measuring. It consists of a tube 
with an objective, 0, at one end and an eye-piece, E, in the 
shape of a horjzontal slit, at the other. Attached to this tube 
is a wheel which is weighted on one side (see at a) and swings 
between two pivots, so that it always maintains the same 
position when at rest. Oscillations can be arrested by a 
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stop (see at S in figure). That point of the wheel which 
corresponds with the horizontal line of vision is marked as 
zero, and from this point the wheel is graduated to 60° up 
and down (see at h). A lens is fastened alongside the eye¬ 
piece to facilitate the reading of the angle on the wheel. By 
directing the tube to any point, the angle can be easily read 
off on the wheel, whieli preserves the same position while the 



(The front lid removed, so as to sliow the vtdiecl.) 

instrument is being raised or lowered. The wheel is placed 
in a firm metal ease. 

In using the instrument, any convenient position, where 
the top and foot of the tree can be seen, is chosen, the angles 
to the top and foot of the tree read off, and the distance from 
the eye of the observer to the tree measured. The height is 
then found by the formula (see Fig. 12)— 

Height = H = E 0 {Ian. n -t* tan. /). 

Brandis, for convenience <Jf calculation, changed this 
formula in the following manner;— 

E C — E A X cos. I : 

H = E] A X cos. I {tan. n + tan. 1) 

TT n , ,, , sin. n X cos. I -f- sin. I X cos. u 

tl — Jii A X cos. I X - —- - -— 

cos. n X cos. I 

H = E A 

CO«. 'll 
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A table aecompaniee the instrament, in which the heights, 
corresponding to various distances and upper plus lower angles, 
are given. In order to reduce this table as much as possible, 
it gives only upper angles from 40° to 50° with intervals ol 
2°, and lower angles from 0° to 25° with intervals of 6°. This 
necessitates placing a staff, on which feet are marked by 
alternate colours, alongside the tree, so as to read off the 
distance between the lower ray of the lower angle and the 
foot of the tree, a distance which has to be added to the 
height taken from the table. 

The instrument is at the same time an admirable clino¬ 
meter with which the angles of- slopes can be measured and 
roads laid out. The author has used the instrument exten¬ 
sively, both for the measurement of the height of trees, and 
for the laying out of forest roads; he has arrived at the 
conclusion that it is decidedly the most useful of similar 
instruments which are known to him. The instrument works 
accurately, and mffch quicker than the reader would imagine; 
besides, its strong construction renders it admirably adapted 
for forest work. 


6. Instruments for the Direct Measurement of the 
"Volume. 

For this purpose, the xylometer, either alone or in com¬ 
bination with a scale, is used. The method is based upon 
the fact that a submerged body displaces a volume of water 
equal to the volume of the body, and the instrument used is 
called a xylometer. It consists of a graduated vessel. Fig. 19 
in which the wood is submerged. Before and after submersion 
the position of the water is noted, and the difference gives 
directly the volume. The method is employed for the measure¬ 
ment of irregular pieces, such as root wood and fagots. Tc 
obviate the necessity of submerging large quantities of wood, 
the whole is first weighed, and only a portion submerged, 
Let the weight of the whole be = IF, that of the submerged 
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portion = w, the volume ot the former = F, of the latter v, 
then:— 

W.w=zV-.v 

and 

V = - X IF. 
w 

Instead of having a graduated vessel, the latter may be 
filled up to an opening, then the wood is submerged, the out- 



Fig. 18. Fig- 19' 


flowing water caught in a separate vessel and measured 

(Fig. 18). _ 

The xylomeler is used in scientific investigations, and when 
the object is to obtain coefficients to be used in calculating the 
solid contents of stacked wood. 

Not,b. -I’ressler’s Increment Borer can be obtained from Herr Merits 
Perles, Verlagsbandhing, Wien, Austria; Brandis’ Hypsometer froffl 
Herr Max Wols, Bonn, Germany, All the other instruments can b( 
procured through Herr Wilhelm Spoerhaso, 37, Stein Strasse, Giessen 
Germany. 
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CHAPTER 11. 

MEASUREMEITT OP FELLED TREES. 

The methods of measuring the various dimensions of felled 
trees have been explained in Chapter I. In this place, the 
measurement of the volume will be dealt with. 

Each tree consists of a stem or trunk, branches, and roots. 
These have peculiar shapes of their own which differ con¬ 
siderably ; hence, they must be considered separately. 

1. Volume op the Stem. 

If the stem, or trunk, of a tree had a regular or distinct 
shape, its volume could be calculated direct by means of a 
formula corresponding to that particular 
shape. As a matter of fact, the stem shows 
different shapes in different parts of the tree. 

Again, the shape of trees differs widely 
according to species, the ages of the trees, 
and the conditions under which they have 
grown up, whether in the open or iti a crowded 
wood. At the same time, trees of the same 
species and age, grown under the same con- 
^ ditions, generally show shapes which are 
nearly identical. Moreover, experience has 
shown that each part of the stem shows 
approximately a constant form. Thus, the 
uppermost part, a (Fig. 20), of an undivided 
stem has generally the shape of a cone, the 
lowest part, c, that of a neiloid (truncated 
semi-cubical paraboloid), while the bulk 
between these extremes approaches in shape a 
Fig. JO. troncatedAppollonian paraboloid, or acylinder. 
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If fe = the height, or length, . .j.. 

S = the lower cross section, | 

8 = the upper cross section, and \ ^ 

s„, = the middle cross section (Fig. 21), s™' "1 , 

the volume of each of the above-mentioned ; 

truncated solids is, according to Simpson’s 
rule— ' 

Kig. 21. 

y “ ^ ^ ^ "I" ^ 

6 

This formula reduces— 

For the cylinder to F = iSf x h 
For the cone to F = - ^ 

Q 

And for the truncated Ap. paraboloid to I' = X /i,or, 
= S,„ X h. 

By means of these formulae it would be possible to calculate 
the volume of each part of the stem, provided its particular 
shape had first been ascertained. This, however, would be a 
tedious business, and it is necessary to search for a more 
simple procedure. 

It has been found that by far the greater portion of the 
stem approaches in shape that of a truncated paraboloid, 
and that, if the stem is divided into a number of pieces of 
moderate length, each can, without committing any appreciable 
error, be considered as a truncated paraboloid. Of the two 
formuliB, 

V = X h, or F = X h, 

the latter is the more convenient, and experience has shown 
that it is even more accurate than the former. 

According to this method, the volume of the whole stem is 
obtained by means of the following formula (see Fig. 22):— 
Volume of stem = si h + *2 /ta + S 3 Its + . . ., 
where «i, sa, S 3 . . . are the sectional areas taken in the middle 
of suooessive paraboloids, and h, hi, /(a. . . the corresponding 



®in 


u... s 

I • 

Fig. 21. 
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heights or lengths. If the pieces are made of equal length, 
the above formula changes into the following:— 

Volume of stem = (si + «2 + *a + • • •) 

This formula is used in all scientific investigations, and the 
degree of accuracy with which it works depends on the length 
of the pieces. 

For the purposes of determining the yield of woods and 
for the sale of logs, the formula is further simplified by con¬ 
sidering each log as one paraboloid; in other words, the 


hi •- ->^ ■■ h, - -»i.i -. hi hi -- 



Fig. 22. 


volume is calculated from the middle section of' the log 
multiplied by its length, according to the formula— ' ’ 

T' = S™ X H, 

where represents the area of the circle, or sectional area, 
in the middle, and H the total length of the log. Experience 
has shown this formula to give sufficiently accurate results 
for all practical purposes. 

The sectional area is obtained, either by measuring the 
girth, or the diameter. If r/ = girth, d = diameter, and r the 
radius, the section is— 

S = ^ = -0796 X g\ 

or 

S = ^ = -786 X cP = i^X^, 

ind 

r = -0796 Xg^ X H = -786 X<PX.H=1^X^XH. 

In practical work, the sectional areas are taken from 
specially prepared tables; there are also tables which give 
iirectly the volume of logs according to their mean girth and , 
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length, or their mean diameter and length. (See Appendix I., 
page 333.) 

All these calculations are made on the assumption ihat the 
section represents a circle. This is, however, rarely the case. 
As a rule, the degree of divergence from the circular shape 
depends on:— 

(1.) The part of the stem; the lowest and uppermost parts 
differ most. 

(2.) The age of the tree; young trees are more regularly 
shaped than old ones. 

(3.) The species. 

(4.) The conditions under which the tree has grown up ; in 
crowded woods the shape is more regular than in the 
ease of trees grown in the open; exposure to strong 
winds, slanting position, and the nature of the soil also 
affect the shape. 

Generally, the sections of trees approach the shape of an 
ellipse, the greater axis of which lies, in the same locality, as 
a rule in a constant direction. Where trees are much exposed 
to wind, the greater axis lies generally in the direction of the 
prevaililig wind: in Western Europe, therefore, from west to 
east or from south-west to north-east. 

The inaccuracy caused by measuring the girth, and calcu¬ 
lating therefrom the sectional area, has been found to amount, 
on an average, to about 7 per cent.; where only one diameter 
is measured, the error may be the same or even more; where 
two diameters at right angles are measured and the mean 
taken, the error generally does not exceed 2 per cent, of the 
true amount. 

In Britain and in India, the sectional area in the middle is 
calculated by the method of the quarter-girth, that is to say 
by the formula— 

S = = -0626 X 

In comparing this with the real sectional area = *0796 X /, 
it is found that the quarter-girth method gives only 78i per 
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cent, of the true basal area and volume, omitting 21| per cent. 
The method is based upon the assumption that this amount 
represents the waste incurred in squaring the timber. 
Quantities calculated by the exact method can be converted 
into the quantities corresponding to the other by deducting 
21J per cent, of the volume. It the bark has been omitted in 
the measurements in both cases, no further correction is 
required. In measurements according to the quarter-girth, it 
is usual to deduct for the bark one inch out of every twelve of 
the quarter-girth, before the latter is squared. Hence, the 
deduction on account of bark comes to 12 X 12 — 11 X 11 
— 144 — 121 = 23 square inches out of every 144. In other 
words, a reduction of 16 per cent, is made on account of bark. 
This may be too much in some cases and too little in others. 
It is a much better plan, in the case of felled logs, to remove 
a ring of bark, and to measure the girth over the wood 
only. 

Generally speaking, it may be said that the volume calcu¬ 
lated according to the quarter-girth method is equal to three- 
fourths of the volume in the round. 

2. Volume op Bkanch and Boot Wood. 

In some cases, pieces of branch and root wood are of a 
sufficiently regular shape to measure and calculate their 
volume in the manner given above. As a general rule, how¬ 
ever, such wood requires a different treatment. Its volume is 
ascertained by shaping it according to custom and stacking 
it in a space of regular geometrical form, say, 100 cubic feet. 
Such a space would contain a certain amount of wood and of 
air. In order to obtain the proportion of each, the volume of 
some stacks of the different classes of wood, such as split wood, 
round billets, branch wood, fagots, or root wood, is carefully 
ascertained. This can be done by measuring each piece 
separately, an operation of considerable difficulty, and one 
which takes much time. A more expeditious way is to submerge 
the material in a xylometer and ascertain the volume by 
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measuring the quantity of the displaced water. From the 
data thus obtained, average coefficients are calculated and 
used on all subsequent occasions. 

It is evident that different descriptions of wood give different 
coefficients. The solid contents of stacked wood depend on 
many things, amongst which may be mentioned;— 

(1.) Shape and nature of the pieces; thick, smooth and 
straight pieces give more solid contents than thin, bent, 
uneven pieces. 

(2.) Length of pieces: short pieces pack better than long 
ones; hence, they give a higher percentage of solid 
contents. 

(3.) Method of stacking: careful stacking causes the per¬ 
centage of solid wood to be considerably increased. 

Under these circumstances, the coefficients differ in 
accordance with local conditions. By way of illustration, the 
following may be given:— 

Split firewood.= •? 

Round firewood billets under 5" diameter = '6 

Root and stump wood.= ‘5 

Fagot wood slacked (not bound) . . = ‘2 

That is to say, 100 cubic feet of stacked split firewood 
contain 70 cubic feet of solid wood and 80 cubic feet oi 
air, etc. 


3. Volume of the Bakk. 

In many cases it is desirable to ascertain the volume of the 
bark, especially when it is sold separately, as in the case ol 
tanning bark. This can be done stereometrically or xylo- 
metrically. In the former case, the pieces of wood are measured 
before and after barking, the difference giving the volume ol 
the bark. If a xylometer is used the bark can be measured 
separately, or the pieces of wood are immersed before and aftei 
barking. 

According to species, age, and locality, the bark comprise! 

; ;'F4t D ■ ; 
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from 4 to 20 per cent, of the total volume. Schwappaoh 
found on a number of trees the following results:— 


Oak 

. = 16—20% 

Alder 

. = 16—19% 

Ash 

. = 12—14 

Lime 

. = 16—19 

Elm 

. = 9—11 

Aspen 

. = 9—13 

Birch 

. = 13—17 

Scotch Pine 

. = 10—16 


Tanning bark is usually sold by weight; other bark is sold 
according to measurement, like firewood. 

In Britain, figures are sometimes locally obtained which 
indicate the proportion between the quantity of timber and 
that of tanning bark. Such figures vary according to local 
conditions. 



CHAPTER III. 


MEASUREMENT OP STANDING TREES. 

1. OccLAK Estimate. 

OfiiaiNALLY, the volume of standing trees was estimated. 
Such an estimate takes into consideration the special shape or 
form of each tree, and fixes the volume accordingly. The 
accuracy of purely ocular estimates depends entirely on the 
person who makes them. To be only approximately correct, 
the estimator requires great practice and occasional oppor¬ 
tunities to compare his estimates with actual measurements 
after the trees have been felled. Even then, the results are 
subject to considerable errors, unless the estimator practises 
his art constantly. Mistakes of 26 per cent, are of common 
occurrence, and they may reach up to 100 per cent, in the 
case of an inexperienced estimator. 

The uncertainty of purely ocular estimates led to the 
measurement of diameter (or girth) and height; this done, 
the basal area near the ground can be calculated, multiplied 
by the height, and an estimate made of the actual volume of 
the tree. It stands to reason that such an estimate is less 
dependent on the individuality of the estimator than that 
mentioned above, since he has only to estimate the proportion 
which exists between the actual volume and that of an 
imagmary body constructed out of the height and the sectional 
area near the base, a matter which he must decide according 
to the peculiar shape of the tree. By degrees, it was considered 
desirable to collect data regarding the form of various trees 
which might be utUised in subsequent estimates, and thus 
foresters arrived at the method next to be described. 

D 2 
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2. Estimate op Volume by means of Form Factors. 
a. Definition and Classijkation of Form Factors. 

By “form factor” is understood the proportion which exists 
between the volume of a tree and that of a regularly-shaped 
body of the same base and height as the tree. The form 
factor means, therefore, a coefficient, with which the volume 
I of the regularly-shaped (geometrical) body must be multiplied 
in order to obtain the volume of the tree. 

Any regularly-shaped body, the volume of which can easily 
be calculated by means of a mathematical formula, is suited 
for the above purpose. In practice, only the cone and cylinder 
have been employed, and at the present time only the latter is 
used. Let s be the area of the basal section of the tree, h its 
height, / the form factor, and v the volume, then— 

Volume of cylinder — s X h, 

Volume of tree = v = s x h X f, 
and 

Form factor = / =-,. 

The volume of the stem of a tree by itself is always smaller 
than that of the corresponding cylinder; hence, the form factor 
for the stem only is always smaller than 1. If the volume of 
the branches is added, the form factor is sometimes greater 
. than 1, especially during the early youth of the tree. 

Various kinds of form factors are used in forestry, of which 
the following may be mentioned:— 

(1.) Stem form factors, which refer only to the volume of 
the stem above ground. 

(2.) Tree form factors, which refer to stfem and branches, 
omitting root wood. 

(8.) Timber form factors, which refer only to the parts of. 
the tree classed as timber, whether they are taken 
from the stem or branches, omitting all other 
material. 

Form factors for branch wood, fagots, or root wood only are, 
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as a rule, not used; their volume is ascertained by utilising 
the results of actual fellings and determining their proportion 
to the volume of timber. 

As it would be highly inconvenient to measure the diameter, 
or girth, of the tree close to the surface of the ground where 
it is usually cut, it has been agreed to take the measurement 
at a convenient height. According to whether that point 
is fixed or variable, the 
following kinds of form 
factors mjiy be distin¬ 
guished :— 

(1.) Absolute Form Fac¬ 
tors. — The diameter (or 
girth) is measured at any 
convenient height above 
the ground, and the form 
factor refers only to the 
part o of the tree above 
that point (Fig. 23), while 
the volume of the piece h 
below it is ascertained by 
separate measurement and 
added to the rest. This is 
evidently troublesome and 
takes extra time. 

(2.) True or Normal Form Fig_ 23 . Pig, 21 . 

Factors .—The diameter (or , 

girth) is measured at a constant proportion of the height of the 
tree, say, -j^th, ^th, etc. (Figs. 23 and 24). In this case, the 
height of the ideal cylinder is equal to the height of the tree. 
Such form factors, it was believed, would have the advantage 
that all trees of the same shape would have the same form 
factor, since they have been measured at a height which bears in 
all oases the same proportion to the total height. There are, 
however, various drawbacks to the employment of these form 
factors. In the first place, the height of the tree must be 
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determined before the point of measurement can be fixed; 
secondly, the latter may be very inconvenient in the case of 
very tall, as well as very short trees; thirdly, it has been found 
from actual measurements that the factors thus obtained are 
by no means so regular as had been supposed, that is to say, 
trees of different heights show by no means the same form 
factor if measured at a constant proportion of the height. 

(3.) Form Factors based on Measurements made at Height of 
Chest, called Artificial Form Factors. —The diameter (or girth) 
is measured at the most convenient height from the ground— 
namely, at chest height of an ordinary man. (In Germany and 
France now generally fixed at I'S meters = about 4 feet Sinches.) 
The height of the ideal cylinder is equal to the height of the 
tree. Owing to the measurements being taken at an absolul ely 
constant height, the form factors of two trees, which show the 
same shape but differ in height, cannot be the same. It follows 
that, in using such form factors for calculating the volume of 
trees, the height of the latter must be taken into consideration. 
Nevertheless, in p ractice, these are the only form factors now 
used. 

h. Determinatim of Form Factors. 

At first, form factors were estimated, taking into considera¬ 
tion all points which affect them, such as species of tree, 
height, age, free or crowded position, etc. Such an operation 
requires much skill and practice, and in fact it comes prac¬ 
tically to the same thing as estimating the volume direct. 
To eliminate such uncertainty, tables have been prepared 
which give the form factors for different species, heights, and 
ages, such tables being based upon the results obtained by 
the measurement of numerous felled trees. Of late years, it 
has been recognised that the variations due to age can be 
omitted, except where great accuracy is required, as in 
scientific investigations. 

The following tables show the form factors, taken from the 
Yield Tables in Appendix III., on pages 344 to 877, and 
obtained from other sources. 
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as a rule, not used; their volume is ascertained by utilising 
the results of actual fellings and determining their proportion 
to the volume of timber. 

As it would be highly inconvenient to measure the diameter, 
or girth, of the tree close to the surface of the ground where 
it is usually cut, it has been agreed to take the measurement 
at a convenient height. According to whether that point 
is fixed or variable, the 
following kinds of form 
factors mjiy be distin¬ 
guished :— 

(1.) Absolute Form Fac¬ 
tors. — The diameter (or 
girth) is measured at any 
convenient height above 
the ground, and the form 
factor refers only to the 
part o of the tree above 
that point (Fig. 23), while 
the volume of the piece h 
below it is ascertained by 
separate measurement and 
added to the rest. This is 
evidently troublesome and 
takes extra time. 

(2.) True or Normal Form Fig_ 23 . Pig, 21 . 

Factors .—The diameter (or , 

girth) is measured at a constant proportion of the height of the 
tree, say, -j^th, ^th, etc. (Figs. 23 and 24). In this case, the 
height of the ideal cylinder is equal to the height of the tree. 
Such form factors, it was believed, would have the advantage 
that all trees of the same shape would have the same form 
factor, since they have been measured at a height which bears in 
all oases the same proportion to the total height. There are, 
however, various drawbacks to the employment of these form 
factors. In the first place, the height of the tree must be 
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In using these tables, it must not be forgotten that they^ 
give the averages of numerous measurements; hence, they do 
hot give reliable results in calculating the volume of a single 
tree. Their application should be restricted to the calculation 
iof the volume of a number of trees; in other words, of whole 
woods, where the differences between the several trees are 
likely to compensate each other. (See example on pages 60 
and 61.) 

♦ 

3. Estimate op Volume by means op Volume Tables. 

If, instead of giving the form factors only, they are multi¬ 
plied by the corresponding heights and basal areas, the 
volumes of the trees are obtained which can be arranged into 
so-called “ volume tables.” The latter may be defined as tables 
which give the volume of single trees arranged according to 
species, age, diameter, and height of tree. 

These tables rest upon the assumption that trees of the same 
species, which have reached in the same time an equal height 
and diameter, show also an equal volume, and that trees of the 
same species, diameter, and height show volumes which differ 
with the age of the trees; in other words, the volume becomes 
gi’eater with advancing age, although the height and the 
diameter at chest-height may be the same. Foresters say the 
trees become less tapering, or more full bodied,‘or the point 
where the real tapering commences moves higher up the tree 
with advancing age. 

In order to use such tables, it is necessary to ascertain the 
diameter at chest-height, the total height, and the approximate 
age of the tree, when the volume corresponding to these data 
can be obtained from the tables. It must, however, not be 
forgotten that the tables give only averages, and consequently 
only true results, if used for determining the volume of a 
number of trees, or of whole woods. 

Tables of this kind have been prepared in Germany and 
France for many years past. T^ie numerous measurements 
inade bj the German Forest Statistical Association, extending v 



MEASTTBEMENT BT SECTIONS. 


41 


over about 85 years, have yielded a rich crop of data which 
have been arranged in tables according to species and 
dimensions. They are, no doubt, of great use, but they cover 
many pages, and it takes time to look up the particular 
dimensions. In the author’s opinion, the method of taking 
the volume of the cylinder (equal to the height multiplied’ by 
the basal area) from the table on pages 336—337, and 
multiplying it by the form factor, works quicker and suEBces 
for all practical purposes. 

EjcamiiU .—An oak has a hcipht of 80 foot, and a diainetor of 24 inches 
at 4 foot 0 inches from tho ground. The table on page 030 gives— 
Volume of cylinder . . . = 2ol'3 

The form factor for timber (page 39) = 'oi 
Volume of tree in the round . . = 2jl'3 X ’52 = 130'7 

or, according to quarter-giith measuromeut, 

Volume — 2ol '3 X '38 = 98 cubic feet. 

4. Measurement of Standing Trees by Sections. 

Analogous to the measurement of felled trees by sections, 
the volume of standing trees can be ascertained by determining 
the diameter (or girth) at various heights from the ground. 
For this purpose, a man must be sent up the tree which is a 
cumbrous procedure, or the several diameters must be deter¬ 
mined indirectly. The latter, as has been explained in 
Chapter I. (page 12), is subject to great inaccuracies. 

Where the diameter at half height is wanted, it is often 
estimated from the diameter at height of chest. The method is 
a rough one, but much used in Britain, France, and Belgium. 
As far as the author.is aware, no uniform method of esti¬ 
mating the girth or diameter at half height, from the girth 
or diameter at, say, height of chest, has been recognised in 
Britain. Consequently, the actual estimate depends on the 
individuality of the estimator. No wonder, then, that different 
estimators obtain different results. The calculation of the 
volume by means of form factors, which represent the average 
of numerous measurements of trees lying on the ground, 
leaves no latitude to the estimator. He measures the diameter 
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of the tree at height of chest, and the height; he takes the bastfl 
area and form factor out of a little table which he carries in his 
pocket, and obtains the volume by a simple multiplication. 


Emmple. —An oak tree, grown in a fairly stocked wood, has a diameter 
of 12 inches at height of chest and a total height of 70 feet. On refer¬ 
ence to the table on page 324, it is found that the basal area, correspond¬ 
ing to a diameter of 12 inches, is s = 0*7854, and on reference to 
page 39 the form factor for a height of 70 feet wiU bo found to amount 
to *52 for timber in the round, or *39 (— J of *52) for quarter-girth 
measurement. Hence, the volume V = *7854 X 70 x *52 = 28*5 cubic 
feet in the round, or V = *7854 X 70 x *39 = 21*4 cubic feet quarter- 
girth measurement. The product of *7854 X 70 can be obtained from 
the table on page 337 without multiplication. 

On the other hand, according to British custom, the estimator has to 
do three things: (1.) to measure the girth at height of chest, say, = 
38 inches; (2.) the length of serviceable timber, say 50 feet; and (3.) to 
estimate the girth at 25 feet from the ground. Supposing ho estimates 
a decrease of 20 per cent, then the girth at 25 feet comes to about 
30 inches, and the volume, according to the quarter-girth measurement, 
amounts to— 

r = = 19*5 cubic feet. 

144 

If ho estimates the decrease of the girth at 15 per cent., the girth at 
25 feet from the gi*ound would bo 32 inches, and 


jr _ WX 50 
144' 


22*2 cubic feet. 


If he estimates the decrease at 25 per cent., the girth at 25 feet comes to 
about 28 inches, and 


r= 


_ (7)’* X 50 


144 


= 17*0. 


In fact, the volume thus estimated would range from 17 to 22*2 cubic 
feet, and the only chance of obtaining the exact amount depends on the 
skill of the estimator, thus introducing a factor of considerable 
uncertainty. 


The most urgent need for calculating the volume of trees 
grown in Britain in fairly well-slocked woods is the collection 
of data from which form factors can be calculated, whether 
for determining the volume in the round, or according to 
quarter-girth measurement. The method is, however, not 
applicable in the ease of hedgerow trees, or others grown 
under similar conditions. In the latter case, each tree must 
be measured, or estimated, separately. 
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DKTEBMINATION OP THE VOLUME OP WHOLE 
WOODS. 

This chapter may be divided into three sections, according 
to whether the measurements extend over the whole wood, or 
over only a selected portion of it, or whether the volume is 
estimated. 

SECTION I.-MEASUBEMENTS EXTENDING OVER THE WHOLE 
WOOD, 

The method demands a uniform treatment of the whole 
wood, but a distinction may he drawn between the measure¬ 
ment of all trees and that of selected trees, called sample, or 
type, trees. 

A. Measurement of all Trees. 

Each tree is measured separately and its volume ascertained 
in one of the ways described in Chapter III. By adding up 
the volumes of the several trees, that of the whole wood is 
obtained. 

As the method takes much time, it is, in practice, only 
employed when the total number of trees is small, or when 
the wood is of an irregular description. In all other cases, 
the following system is chosen, as it works more rapidly. 

B. Determination of Volume by means of Sample, or 
Type, Trees. 

The volume of a wood consists of the sum of the volumes 
of the individual trees. The volume of each tree is calculated 
according to the formula— 

V = 8 X h Xf, 
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where s represents the basal area at a certain height, h the 
total height, and/the form factor of the tree. In all cases 
where a, h, and/differ from tree to tree, nothing remains but 
to ascertain them separately for each tree as indicated under 
A. In the case of regularly grown woods, however, there are 
always a number of trees which show, at any rate approxi¬ 
mately, the same basal area, height, and form factor, so that 
they can be thrown together and dealt with in a uniform 
manner; in other words, all trees of a wood which show the 
same base, height, and form factor are joined into one class; 
the volume of one tree (or of a few trees) is ascertained and 
the volume of the whole class obtained by multiplying the 
former by the number of trees in the class. If every class is 
dealt with in the same way, the volume of the whole wood 
is obtained by adding together the volumes of the several 
classes. 

So far, however, little or no advantage is gained, because it 
would be necessary to ascertain the base, height, and. form 
factor of each tree, in order to put it into its proper class, and 
when this has been done, the volume of each tree may just as 
well be calculated separately. Moreover, in crowded woods 
the height is not always easy to measure, and the form factor 
could only be estimated, unless it is taken from a table. Only 
the basal area is easily ascertainable by measuring either the 
diameter or the girth. 

Here, experience had to be called in, which fortunately 
showed that, in regularly-grown crowded woods, the height 
and form factor are approximately functions of the diameter 
of the tree; in other words, trees of the same diameter have 
approximately the same height and form factor. At any rate, 
this is found to hold good to a snfdcient extent, so as to justify 
a classification according to diameter classes only. 

In open woods, however, the height and form factor vary 
within much wider limits, so that, besides diameter classes, at 
any rate height classes also must be formed. Henge, the two 
mses must be dealt with separately. 
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I .—The Height is a Function of the Diameter. 

1. Desceiption op the General Method. 

■ a. Formation of Diameter Glasses. 

The number of classes depends on the difference between 
the largest and smallest trees of a wood, and the desired degree 
of accuracy. As a rule, all classes are given the same extent, 
that is to say, either 1 inch, 2 inches, 3 inches, etc., or part of 
an inch. For the purpose of forest working plans in Europe, 
each class comprises 1 or 2 inches: in India frequently, as 
yet, 6 inches. 

The calliper, used in measuring the diameters, should have 
a rounded-off scale, as described in Chapter I., that is to say, in 
the case of inch classes, the first should comprise the space 
from I to inch; the second that from 1J to 2J inches, etc. 
For scientific investigations the classes may be further reduced 
to a part of an inch. 

h. Height and Manner of Measurement. 

All trees must be measured at the same height, the latter 
being so chosen that the place of measurement falls above the 
irregular swelling frequently observed near the foot of the tree; 
at the same time, the height should not be so great that it 
becomes difiSeult for an ordinary-sized man to measure accu¬ 
rately. Whenever practicable, the height should be the height 
of chest of an average man. 

In executing the measurement, all the precautions indicated 
in Chapter I. must be duly taken, so as to obtain as accurate 
results as possible. More especially, any irregularity in the 
shape of the sections must be duly considered. Where the 
section differs systematically from that of a circle, either two 
diameters at right angles must be measured, or the direction 
of measurement changed frorh time to time. For instance, 
after a certain number of stems have been measured with the 
iace of the measurer to the east, an equal number must then 
be measured with the' face of the measurer towards the north 
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or south. Or the change can be made at alternate trees. In 
this manner, average diameters are obtained. 

c. The Booking of the Meamrements. 

In measuring the diameter, the gaugers call out each 
measurement, and in mixed woods also the species ; the book¬ 
keeper enters each announcement, repeating it at the time, so 
as to prevent mistakes. 

A book-keeper may work with one or two gaugers, the 
party taking a narrow strip of wood at the time; each tree 
is marked as soon as measured, preferably with chalk. 

The booking can be done in a variety of ways, as the follow¬ 
ing samples will show:— 


Diameter 
ill liicheH 
DieaHured 
at 4' 3" 
fi-om tlie 
Ground. 

Bpeuirs. 

Numrbr UK Trees. 

Beech. 

Oak. 

Ash. 

Beech. 

Oak. 

Aah. 

Total. 


HttttttllTllIl 

eiiii 

Ill 

18 

9 

3 

30 

9 

III 

Einiiii 

lITi III 

23 

13 

8 

44 

10 

^ E M 

n 

1 


37 

13 

9 

69 

11 




1 

27 

14 

1 

48 



• • 

• • 

1 




Qiand Total 


49 

27 

i 

181 
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a tree which represents the average of the class: in other 
words, the sample tree should have the mean height, as near 
as possible a circular section, a fairly straight and not a 
forked stem, and an average extent of crown. Even with the 
greatest care, it is not always possible to avoid errors in the 
selection; hence, it is generally advisable to take several sample 
trees for each class, and to ascertain the average of their 
volume for the calculation of the volume of the class. The 
actual number of sample trees depends on the desired degree 
of accuracy, and the total number of trees in the class. At the 
same time, the felling of many sample trees is undesirable; 
hence, their number should be kept within reasonable limits. 

A further requirement is that the sample tree should show 
a basal area which corresponds exactly to the mean section of 
the class. Such a tree is found only in exceptional oases; 
hence, it is necessary to take a tree as near as possible to the 
true section, and to modify the volume in proportion of the 
basal areas of the true and approximate, or false, sample trees. 
Let V = volume of true sample tree, v' that of the approximate 
sample tree, s and s’ the corresponding basal areas, then is 
found by the formula— 

D : v' = g : 


e. Determination of the Volume of Sample Trees. 

The volume of the sample trees is determined, either by 
felling and measuring them on the ground, or by means of 
form factors or volume tables. 

If the trees are felled, the stem and all straight pieces of 
branches, in fact all regularly shaped parts, are divided into 
pieces of moderate length, from 3 to 10 feet, according to 
the desired degree of accuracy, and the volume of each section 
is ascertained separately by the formula:— 

Volume = area of circle in the middle x by the length of 
the section: 


® = g„, X h. 
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The volume of all irregular pieces, including root and 
branch -wood, is ascertained, either by the xylometric method, 
or by proportionate figures, or by measuring their volume 
stacked and multiplying it by known reducing factors, if such 
are available. 

The xylometric method has been explained in Chapter I. 

Proportionate figures are obtained from actual fellings. If 
it has been found that in the felling of a wood every 100 cubic 
feet of timber are accompanied by, say, 20 cubic feet of fire¬ 
wood, that proportion can be applied to other woods of a 
similar description. 

The determination of the volume of sample trees by means 
of form factors or volume tables can be highly recommended 
whenever suitable data are available, because they give 
averages, and that is just what is wanted in this case. Ex¬ 
perience has shown that form factors and volume tables are 
applicable for a considerable distance outside the locality for 
which they have been prepared. 

/. Calcxilation of the Volumes of the Classes and of the Whole 

Wood. 

Here several cases may occur: 

(1.) One sample tree has been measured in each class, the 
dimensions of which are exactly the average of the class. In 
that case, the volume of the class is obtained by multiplying 
the volume of the sample tree by the number of trees in the 
class. If— 

V = volume of whole wood, 

Vn Fs) Ps • • • = volumes of classes 1, 2, 3 . . .' 

t'l, Vi, Vs . . . = volumes of mean sample trees of succes¬ 
sive classes, 

Ml, « 2 . % . . • = numbers of trees in successive classes, 
then— 

F = Fi -j- Fa -j- Fb "h ■ • • — X % -F fa X % -f- ra X Ms "t" • • • 

(2.) The sample trees in the several classes differ in basal 
area somewhat from the mean basal areas. 
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If the volumes of the approximate sample trees are vi, fa’, 
fa' . . • and the corresponding basal areas = «i', sa', 83 ', 
. . . . then 


_ vi' X 81 ._ fa' X 8a ^ „ . T 7 _ V X 83 _ 

— Ti - X Ml , Vi — -- X Ma , Vs — —— ; — X Ms • • • 

81 8a 83 


81 X Ml = Si = total basal area of the first class, 

8 a X Ma = Sa = total basal area of the second class, etc.. 


the volume of the wood is: 




X Sa , V 3 ' X S, , 

Sa' + • 


S'/ 


(3.) Several sample trees are measured in each class. In 
that case— 


t;- _{Mi'+Vi"+fi'"+ .. •) XSi . 0'a'+ra"+<’2'"+ ...) X Sa . 

«i' + Si" + *i'" + .V.‘'^' 8 a' + 8 a" + sa'" + ... 


g. Clvhhing together several Classes, leading to the Methad oj 
the Arithmetical Mean Sample Tree. 

In order to shorten the method described above and to, 
reduce the number of sample trees to be felled, several, or all. 
classes may be clubbed together into a group. 

. Let 

Ml, Ma, Ma . . . be the numbers 0 ! trees in the several classes 
Ai, 8 a, 83 . . . ,, basal areas ,, „ ,, ,, 

h, ht,hs . , . „ heights „ „ „ 

/ 1 ,/ 2 ,/a ... „ form factors „ „ „ „ 

and 

8, h, f the basal area, height, and form factor of the mean 
tree of the classes thrown together, 

then the following equation holds good:— 

. F = Ml X 81 X fti X /i + Ma X 8 a X /la X /2 + . . . 

= (mi + ?{a + . . .) X 8 X /t X /. 


E 
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If it is now assumed, that hiX fi = ht x f 2 = hsX fa— . . 
= h X f, then the above equation becomes : 

Ml X *1 H” Wa X *2 "f" . . . (ill “I" % "t" • • •) s, 
and 

_?i i X * 1 -|- ?ia X *2 4" • • •_ S 

* ~ + "2 + • • • ~ N ’ 

where S = basal area of all trees of the group, and 
N = total number of trees „ „ 

In words, the basal area of the average tree is equal to the 
arithmetical mean of the basal area of all trees contained in 
the group. 

The volume of the group is then: 

V=zvX N, 

where r represents the volume of the arithmetical mean sample 
tree with a basal area = «. 

If no tree can be found with the basal area », another as 

near as possible to it is chosen of a section s', and the volume 

of the group is obtained by the formula: 

tr _ X ® w v' X s 
V = X N = — 

since s x N = S = the basal area of all trees in the group. 

If several approximately mean sample trees are taken, the 
formula changes into the following;— 

(V' + V" + V'" + . . .) X S 
— s' + s"’ + s'" . . .” 

'The above method rests on the assumption that hiji = 
hi fi hz fa = . . . = h f. This, however, is not 
absolutely correct, though it holds good approximately in 
regularly grown woods. It follows that the degree of 
accuracy decreases with the increase in the number of classes 
which are clubbed together into a group, the least accuracy 
being obtained by joining all classes into one group. In 
this latter case, the method is known as “ the method of the 
arithmetical mean sample tree.” 

Example .—In order to illustrate this and the methods to he described 
hereafter, one acre of Scotch pine wood, 70 years old, was measured, and 
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twenty-four sample trees of various diameters foiled and measured. 
Only timber down to 3 inches diameter at the small end has been included 
in the account. The wood is situated at Csosar's Camp, on gravelly sand 
with a fair layer of humus, showing a yield capacity of about middling 
quality. The following list shows the dimensions and the volume of the 
sample trees:— 


List of Twentv-Foub Sampm; Tbees. 


Number, 

iJiniiioter, 

fncheH. 

Height. 

Feet, 

Hasal 

Area. 

H(]uaro 

Volume. 
8q]i«1 Cubic 
l'’oet. 

1 

4-no 

38 

-087 

1-80 

2 

6-26 

40 

-1.50 

3-27 

3 

6'4() 

45 

•223 

4-41 

4 

6*50 

42 

•230 

4-52 

6 

7*60 

49 

•307 

(>•92 

6 

7-60 

37 

•307 

0(52 

7 

H-.W 

44 

-304 

720 

8 

»-2r, 

6(5 

-467 

1213 

9 

9*40 

40 

•482 

10-81 

10 

9-00 

50 

•503 

11 03 

n 

10-70 

40 

•024 

12-37 

12 

10-70 

64 

•024 

17-14 

13 

11-00 

57 

•600 

1619 

14 

11-50 

56 

•721 

17-43 

16 

11-00 

58 

•734 

19*17 

IG 

12-10 

48 

•708 

20-41 

17 

12-10 

02 

•789 

2240 

18 

13-10 

03 

•930 

25*93 

19 

13-fiO 

60 

1009 

21-87 

20 

15-00 

> 48 

1-227 

27-79 

21 

15-00 

59 

1-227 

28-40 

22 

Ifi-io 

ea 

1-467 

.38-53 

23 

17-00 

64 

1-576 

38-60 

24 

17-50 

74 

1-670 

48-43 


The example on pages 52 and 53 illustrates the procedure 
which has just been described. 


2. Modifications of the General Method. 

It has been shown above that the volume of a wood is 
represented by the formula:— 

r= Fi-f- Fs-f Fa-I- ... = i;i X tia X + X ... 

^2 ^8 

It is obvious that, as long as the fractions 

«i *2 «a 

differ, the volumes of the sample trees in the several classes 
must be measured separately. In order to avoid this 
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Calculation of Volume by Inch Classes, Foub Geoupb, and 

FOB ONE Ache op Scotch 





Method of Inch Classes. 

Method op 

Diameter 

in 

Inchee. 

Nnmlxir 

of 

Trees. 

Dasnl 
Area in 

Haiiietttr 

of 

Basal 

Volume 

of 

Hamplo 
Tnit! ill 
Oultic 
Feot. 

Volume 

S'limber 

of 

Orouj). 

Number 

of 

Basal 
Ami of 
Group. 

Mt>an 

Sample Tree. 




Hnmi>lo 

Tree. 

Kuiiiplo 

Tree. 

ill Cubic 
Feet. 

Trees in 
Grouji. 

Basal 

Area. 

Diameter 

4 

4 

■349 

4*0 

■087 

1-80 

7 






5 

12 

1-637 

6*25 

*150 

3*27 

36 

y I. 

S3 

18-047 

■218 

6-3 

6 

26 

5'104 

0*4 

■223 

4-41 

101 

( 





7 

41 


7*5 

•307 

6*22 

247 






8 

42 

14-661 

8-5 

•324 

7*26 

270 

] 





9 

61 ■ 

22'632 

2*26 

•467 

12*13 

585 

11. 

144 

65*008 

*451 

9-1 

10 

fii 

27-816 

9-6 

■503 

11-63 

643 

1 





. 11 

34 

22-439 

11-0 

■660 

16-19 

550 

) 





12 

16 

12-666 

12*1 

•722 

20*41 

321 

111. 

59 

43-301 

•734 

11-6 

13 

1» 


13-1 

*936 

25*23 

230 

) 





14 

6 

6-414 

13-6 

1-003 

21-87 

132 

, 





16 

5 

6-136 

15-0 

1-227 

28-40 

142 

y IV. 

16 

19-892 

1-243 

16-1 

16 

3 

4*182 

16-4 

1*467 

38-63 

no 

( 





17 

2 

3*153 

17-0 

1-B76 

32*50 

72 






Total.. 

302 

146*248 




3,460 







inconvenience, it has been proposed to fix the number of 
sample trees in each class so that 

— = — = — = ...=a constant = c, 

«1 Sj *8 

when the above formula reduces to:— 

V = (Vi + Tj + Tj + . . .) X 0, 

By following this method, it is not necessary to keep the 
sample trees separate; they can be thrown together and 
measured in one lot. This is a great convenience and saves 
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THE ABITHMETICA.L MEAN SAMPLE TREB OP THE WHOLE WOOD, 
Pine Wood, 70 Years Old. 


Foim Groups. 


Rbal Sampi.e TRi':Ga. 

Voluiue 

DIamoJer 

Rasul 

Area. 

Group. 

Volume. 

6-4 ■ 

•223 

4-41 

6’6 

•230 

4-52 

Total 

•453 

8'il3 350 

9-26 

•467 

12-13 

»'40 ■ 

•482 

lO'Sl 

Total 

•949 

22-94 1,571 

11 5 

•721 

17-43 

11-6 

•734 

19-17 

Total 

l-4r,5 

30-00 1,089 

15'0 

1-227 

27-79 

15-0 

1-227 

28-40 

Total 

2-4r,4 

50-19 455 


r Arithmktical Hbak Sample Tree. 


Mrsaii Sini>])]ft lYee 

. « « Uosal of Wood. 

Volume Number 

of of -^- 


302 |l4fi-248 -484 



Real Sample Trees. 

Diameter 

Rasa) 

Ar(>u. 

Volume. 

9-25 

•407 

12-13 

9-40 

•482 

10-81 

9-60 

•503 

11 ■6.1 

Total 

1*452 

34-67 





34-57 X 146-248 


= 3,482 cubic feet. 


much time. The volume of all sample trees multiplied by 
the constant c gives the volume of the wood. In this way, a 
number of modifications of the general method have been 
elaborated, of which the following may be mentioned:— 


a. Draudt’s Method. 

Draudt selects in each class the same percentage of sample 
trees, thus ensuring, that— 

Si Sa S^ 

8l Sg *8 
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MEASTJKBMENT OF WHOLE WOODS. 


Let 

F = fi X «! + ^2 X «2 + t>8 X ns + . . . 

If p per cent, of the trees in each class are taken as sample 
trees, the proportion of these to the total number of trees is 

= = •02>. By multiplying each terra in the above 

equation by this coefficient, the following equation is 
obtained:— 

F X 'Op = I’l X ni X ‘Op + r2 X )i2 X ‘Op + I'a X ns X •Op + ... 

Here, ri x n.i X ‘Op represents the volume of the sample 
trees in the first class, ^2 x X 'Op that of second class, etc. 
If the volume of all the sample trees, I’l X ni X 'Op + I's X ns 
X ‘Op + . . . = V, then 


and 


F X ‘Op = n 

- JL — ^ X 100 
' 'Op “ p 


It generally happens that the number of sample trees in 
each class contains a fraction of one. Such fractions are 
'» eliminated by considering '51 as a full sample tree and by 
neglecting '60 and under, taking care that the total number 
of sample trees is as nearly as possible correct. The result 
of this operation is that the original proposition is no longer 
absolutely maintained; in other words, the volume of the 
actual sample trees does no longer represent the true value 

100^' avoid this iriaccuracy, Draudt introduces the basal 

area of the whole wood = S and of the sample trees = s, by 
saying 

g : S = t): F, 
and 

F = o X 

g 

This formula is used to calculate, not only the whole volume, 
but also that of timber and firewood separately. 
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The advantages of Draudt’s method are that the sample 
trees can all be worked up together. 

Its drawbacks are:— 

(1.) That in rounding off the number of sample trees in 
each class, inaccuracies are likely to be introduced; and 

(2.) that frequently no sample trees at all are taken from 
classes which contain only a small number of trees. 

The larger the wood, that is to say, the greater the number 
of trees in the several classes, the more accurately the method 
works. 

—The following example will further explain tho method. 
The data are tho same as those used in tho previous example, but they 
have been multiplied by ton all round, in order to obtain a larger number 
of trees. 

Calculation op Volume aocobdino to Deaudt’s Method. 

Area = 10 Acres. 







Sample Tubes. 











.. . 



BAsul 

r’crcentftge 





Of 

Wood. 

DianM'tdjr 

No. 

Area. 

= 1% 
mnlti])Ii(Kl 


Basal 

Basal 



of 


Number 

roumbxl 

off. 

Area 

Area 

Volumo. 


Tices. 


by Number 
of Trees. 

should be. 

really la. 





Hquaio 


Square 

8(|tiare 

Cubic 

Cubic 

Inchos. 


Feet. 



feet. 

Feet. 

Feet. 

Feet. 

4 

40 

3’49 

*40 






5 

120 

IG’37 

1*20 

1 

•130 

■ir»o 



6 

200 

51 ’04 

2*60 

3 

•588 

•669 



7 

4111 

109*57 

4*10 

4 

1*008 

1*228 



8 

420 

14C-CI 

4*20 

4 

1*396 

1*570 



'J 

510 

2*2.5 *3*2 

5-10 

6 

2*210 

2*335 



10 

510 

278*15 

6*10 

5 

2*727 

2-515 



11 

340 

224*39 

3*40 

3 

1-080 

1-980 



12 

KiO 

125*00 

1-60 

2 

ln)70 

1 -.598 



13 

90 

82-l)6 

*90 

1 

*922 

•936 



14 

no 

64-14 

•60 

1 

1*009 

1 -ooo 



15 

50 

61*36 

*50 

1 

1*227 

1*227 



lf» 

30 

41-30 

•30 






17 

20 

31’63 

•20 







3,020 

1462-48 

30-20 

30 

14-803 

16-223 

367-60 

34,355 



V = 1-182-48 ^34 3r,5_ ^cre = 

3,436 




15*223 
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h. Vrich's Method. 

In order to avoid the inaccuracy caused by rounding off ' 
fractions of sample trees, Urich proposes to arrange the trees 
in such groups that each sample tree represents the same 
number of trees. For this purpose, he places the same number 
of trees in each group and then calculates the arithmetical 
mean sample tree for each. For the rest, he proceeds on the 
same lines as Draudt, so that he obtains the volume of the 
whole wood by the same formula, namely:— 

V = vx-. 

8 

Urich’s method is thus a combination of Draudt’s method 


Example :— 


CAI.0ALAT10N 01’ VOLUME, 


Diameter. 

Number 

of 

Trees. 

Quuufs. 

No. 


Number of Trees. 

Basal Area. 
Square Feot. 

Indies. 

Detailed. 

Total. 

Detailed. 

Total. 

4 

40 



4 

40 


8’49 


6 

120 



6 

120 


16*37 


6 

260 



0 

260 


61*04 


7 

410 



7 

3S6 

755 

89-53 

160-43 

8 









9 

610 



7 

75 


20*04 


10 

610 

II. 


8 

420 


146*61 


11 

H40 



9 

260 

765 

114*87 

281 *52 


160 
















IS 

, !)0 



9 

250 


110-45 


u 

GO 



10 

505 

755 

275-43 

386-88 










16 

so 



10 

6 


2*72 


17 

20 



11 

S40 


224-39 






12 

160 


126*66 






IS 

90 


82*96 






14 

60 


64-14 






If. 

50 


61-36 






16 

so 


41-89 






17 

20 

756 

31-63 

634-66 


8,020 




8,020 


1462-48 


The volume is obtained by the formula:— 
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with that of the arithmetical mean sample tree for each 
group. 

The degree of accuracy depends on the number of groups 
which are formed, and on the number of sample trees 
measured in each. Too large a number of groups is, however, 
inconvenient, as it involves repeated separation of the original 
diameter classes. t 

The method has the disadvantage that the basal areas must 
be calculated before the sample trees can be selected. Urich 
proposes to avoid this by estimating the sizes of the sample 
trees in the several groups, a procedure which may lead to 
inaccuracies. 


ACCOllDING TO DKIOH’s METHOD. 



Mkan Samm.k Trkeqk. 


Krai, 8ami>lk Trkk.s. 




— 

— 



. 

- 


Volume 






Basal Area. 


of 

Wooii. 


Basal Amt. 

Diameter. 

Number. 

nianietiT. 

— 


Volume. 







Detailed. 

• Total. 

Cubic feet. 

Cubic feet. 

1 




1 

C-4 

•223 





-212 

6-2 

2 


•23D 

•453 






3 

7-5 

•3D7 





•373 

8-2 

4 

8-5 

•3114 

•701 






5 

ii-4 

•482 





-611 

9-7 

6 

oo 

•503 

■985 






7 

12-1 

•799 





•841 

12-4 

8 

121 

•799 

1-698 








Total... 

3-737 

88-30 

34,313 








Per Acre 

= 3,431 


r= 


88-36 X 1462-48 
3-737'" 


= 84,?13. 
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e. Robert Ilarlig’s Method. 

In Draudt’s and Urich’s methods, each sample tree 
represents the same number of trees. As the volume increases 
rapidly with the diameter, it follows that a sample tree in a 
class or group of small diameter represents a much smaller 
volume than one in a class or group with a large diameter. 
*Por this reason, Eohert Hartig argues that the number of 
sample trees in each class or group should be proportionate to 
the volume which it contains, and not to the number of trees. 
As the volume is fairly proportionate to the basal area, Eohert 
Hartig forms groups which contain equal basal areas. He 
divides the total basal area of the wood by the number of 
groups which he proposes to form; this gives the basal area 

The following example will further explain the method:— 


Mbasueement op Volume aocordiiio 


Diameter. 

Incliett. 

N omhor 
of 

Trees. 

Dasal 

Area. 

8<{uare 

Feet. 

Gboufs. 

Ko. 

Diameter. 

Number of Trees. 

Dasal Area. 

Detailed 

ToUl. 

Detailed. 

Total. 


40 

120 

260 

410 

420 

510 

510 

MO 

160 

yo 

60 

50 

30 

20 

mBhwvM 

1 . 1 

4 

5 

6 

7 

8 

9 

40 

120 

260 

410 

420 

87 

|i337 

3*49 

16*37 

51-04 

109*57 

146-61 

38*44 

1 365-,52 


9 

10 

423 

328 

}7.6, 

186-83 

178-89 

1 365-77 

'■■-i 

10 

n 

12 

182 

340 

53 

1 576 

99-26 
221-.39 
41-63 

1366-28 

IV. 1 

12 

13 

14 

16 

16 

17 

107 

90 

60 

50 

30 

20 

1 357 

81- 03 

82- 96 
64-14 
61-36 
41-89 
31-53 

1 

Total... 

3,020 

1462-48 



* 

3,020 


1462-48 










ROBEET HABTIG’s METHOD. 


to be allotted to each group. After having placed in each a 
sufficient number of trees to give that basal area, he calculates 
the mean sample tree for each group and selects an equal 
number of these for each. 

The formula for E. Ilartig’s method is as follows:— 


As 




V = ri X — + '('2 X ^ + '('a X — + . . . 

^2 ^9 

S 2 S 

- ... are not equal the one to the other, 

«3 «3 


it follows that the sample trees must be measured and the 
volume of each group calculated separately. By adding 
together the volumes of the groups, the volume of the whole 
wood is obtained. This makes the method more laborious 
than those of Draudt and Urich. 


TO Eobbkt IIabtiq’s Method. 


Mean Kami*i,k 
Trees. 

llKAL Sample Tekk^. 

Volume 

ol' 

Grou]>s 






Basal Area. 


Bomarkft. 

Basuil 

Diomctci 

No. 

.. 



Volume. 

■whole 

Wood. 


Area. 


Detailed. 

Total. 





•273 

7-1 

1 

7-r> 

•307 




13-54 X 305-52 

2 

7*5 

•307 

•814 

13T)4 

8000 


•014 









8,000 cubic feet. 


9-4 

3 

9--t 

•t82 





•487 

4 

y-6 

•503 

•085 

22 14 

8333 



fO-8 

8 

10-7 

•(:24 





•635 

0 

10*7 

•624 

1-248 

29-51 

8037 



13-7 

7 

1.31 

•936 





1-028 

8 

136 

1009 

1*045 

47-80 

8992 








Total... 

34022 

Per Acre = 3,402 
cubic feet. 
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8. Determination of Volume by means of Form Factors 
OR Volume Tables. 

Instead of felling and measuring sample trees, their volume 
can he ascertained by means of form factors, or taken from 
volume tables. This applies to all the methods given above. 
In all these cases the volume is ascertained according to the 
general formula 

V = SX HX F. 

How the basal areas of the trees of a class or a wood are 
obtained, has already been explained. The mean height of a 
number of trees, or of a whole wood, is ascertained in the 
following way:— 

V = SxHXF=siXhXfi + SiXhX /2+S3 X h X/a+... 


Example :— 


Calculation of Volume by 


Dianietor 

Number 

of 

Troe«. 

Dasal 

Area. 

Square 

foet. 

asciT- 
taisuiil 
from 24 
Siiiiiplo 
'J’reus. 

Feet. 

Bnsal 

Ar4‘u 

multiplieil 

by 

Height 

C X d . 

According to Form Factorh 

By Inch Classea. 

By Four 

Form 

Factoru. 

Volume. 

Basal 

Area. 

Basal Area 
multiplied 
by lleiglit. 


a 

i 

e 

d 

e 

/ 

d 

h 



4 

4 

•349 

38 

13-26 

■43 

6 





5 

12 

IT,37 

40 

6.V48 

*44 

29 


■ 18-047 

775*22 


6 

20 

6'104 

42 

214*37 

•45 

96 





7 

41 

10*957 

44 

482-11 

*45 

217 





8 

42 

14*6fil 

46 

674-41 

-46 

310 





9 

61 

22*532 

48 

1081-66 

*46 

498 


I- 66*008 

*^116-72 


10 

51 

27'815 

50 

139U-75 

•46 

640 





11 

34 

22*439 

52 

1166-83 

-47 

548 





12 

16 

12-666 

54 

678-56 

-47 

319 


43-301 

2309-97 


13 

9 

8-296 

66 

464*58 

*47 

218 





14 


6-414 

58 

372-01 

-47 

175 





16 

5 

6-136 

— 

368*16 

•47 

173 


■ 19*892 

1201*68 


16 

3 

4-189 

62 

2.69-72 

•47 

122 





17 

2 

3-163 

64 


-47 

96 











3446 
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ir _ *1 X h X fi + S3 X h y. fi+•• • 

^ ~ S X F 

If it is assumed that the form factors are the same throughout, 
the above formula reduces to the following:— 

ir_ Si X /(l + *2 X /i2 + . • •. 

“ ~S 

ill words: “ the mean height is equal to the total volume of 
cylinders erected over the trees divided by the total basal 
area.” This formula holds good in the case of the several 
trees of one class, as well as for calculating the mean height of 
several classes, or of a whole wood. 

If a somewhat smaller accuracy suflSces, one of the following 
methods may be adopted:—A number of trees are selected 
which show about an average diameter and height, their 


Means op Fobm Factoes. 
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heights are accurately measured, and the mean taken which 
represents the mean height of the class, or wood. Or, the 
height of the tree with the average diameter (or basal area) is 
taken as the mean height of the wood. It remains to be noted 
that the heighte obtained by moans of these simplified methods 
are generally a foot or two smaller than those obtained by the 
above formula. 

How the form factors of single trees are ascertained, has 
been described above. Bimilarly, form factors tor whole woods 
can be determined according to the formula:— 

S X u 

If volume tables are used, the calculation is made according 
to the formula— 

V = II X s X h X f. 

Here s X h X f, equal to the volume of the mean tree, is 
taken direct from the tables. 

4. Comparative Accuracy of the several Methods. 

If the results obtained in the examples used above are put 


together, the following data are obtained:— 


Metiiod. 

Voliiine. 

Cubic feet. 

Dittoreiice 
hi % 

The general method — 


Each inch class calculated sepa¬ 
rately . 

Inch classes arranged in four 

= 3460 


groups. 

All inch classes thrown together 

= 8471 . . 

+ 'S 

into one group . 

= 8482 . , 

+ -7 

Draudt’s method .... 

= 3436 . . 

- -7 

Vrick’s method .... 

= 3431 . . 

- -8 

Hartig’s method .... 
Calculation with form factors — 

= 8402 . . 

- 1-7 

According to inch classes. 

= 8446 . . 

- -4 

According to four groups. 

= 8447 . . 

- *4 

All inch classes thrown together 

= 8419 . . 

- 1-2 



COMPAKATIVE ACCURACY OF THE SEVERAL METHODS. 03 

These data show that form factors for Scotch pine, obtained 
from measurements in North Germany, are quite applicable 
to woods in the South of England. Experience has also' 
proved that they are applicable to the Midland Counties, and 
probably also to districts further north. 

It will be seen that, for the methods described above, the 
greatest difference amounts to 1‘7 per cent. Under these 
jircumstances, it appears that any of the methods meets the 
requirements of measurements for the preparation of working 
plans, and that much more depends on the care bestowed 
upon the operation than on the particular method followed, 
[f the actual fellings show greater differences than the 
saleulations justify, they are frequently due to extraneous 
3auses, such as the felling of the trees at some distance above 
;he ground, careless working up of the material, inaccurate 
measurement of the fall, theft of material, etc. 

Guided by investigations made by various authors, it may 
je said that, in the majority of cases, the difference between 
ihe calculation made according to any one of the above- 
mentioned methods and the results of actual fellings keeps 
within 2 per cent., that the maximum error in the case of the 
method of the arithmetical mean sample tree may be placed 
it 10 per cent, and in the case of all the other methods at 5 
per cent. 

In all cases where special accuracy is required, as for 
nstance for scientific investigation, or for the determination 
)f the sale value of woods, the classes, or groups, should be 
small and the number of sample trees large. In this way 
greater accuracy is likely to be obtained, than by making a 
distinction between the different methods which have been 
described. Above all, the utilisation of form factors is strongly 
recommended, especially as there are now callipers to be had 
which, when measuring ihe diameter, give the basal area 
of all the trees, which have been measured. Of these, 
Wimraenauer's calliper can be specially recommended. Where 
form factors are not yet available, efforts should be made to 
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collect the necessary data for their preparation at the earliest 
possible date. Their application obviates the cutting down of 
sample trees, and the determination of the volume takes only 
a fraction of the time required in the case of any other 
method. In the absence of form factors, or volume tables, 
Urich’s method is the most useful. 

I[, The Height is not a Function of the Diameter. 

If it is found that, in the case of equal diameters, the 
heights differ considerably, then height classes must be formed 
in addition to diameter classes. 

In some cases, it happens that the different height classes 
are separated according to area, for instance where a marked 
change in the quality of the locality occurs, due to change in 
the soil or subsoil, aspect, etc. In such cases, the wood is 


Bisech. 


Diamclftr 

in 

InchcE. 

I. Height ClasE. 

11. Height CtaHE. 

TOTAtS. 

I. Height 
OlasE. 

tt. Height 
ClOtiS. 

Total 

8 

m iiit ilil 1 
titr TTTr tnt 1 

IIHIII 

18 

12 


9 



34 

18 

52 







a 

tmiimmffi 

HfttHHWIIll 


39 

20 

69 

12 

1 

imii 

17 

11 

28 



Grand Total 

156 

94 

249 
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divided into as many parts as different height classes appear, 
and each is treated as a separate wood. 

If the several height classes are mixed over the whole area, 
as in irregular selection forests, then the diameter and height 
must be measured in each case. Where only two height 
classes are adopted, the height may be estimated, while the 
diameter is measured, and the tree placed in the one or the 
other height class. Each of the latter is then considered as a 
separate wood and its volume ascertained according to one of 
the methods already described. 

Cases where more than two height classes, in addition to 
diameter classes, are called for, are very rare. Generally, the 
distinction of height classes is a matter of considerable 
difficulty, unless the heights are measured. It is necessary 
only where a very high degree of accuracy is aimed at. 

The example on page 64 shows the manner of booking in 
the case of two height classes. 


SECTION II.-DETERMINATION OP VOLUME BY MEANS OP 
SAMPLE PLOTS, 

1. Genbkal. 

Instead of measuring all trees in a wood, a certain part of 
the area may be selected, the volume on it ascertained, and 
from it the volume of the whole wood calculated. Such a 
part is called a sample, or type, plot. It may be defined as a 
portion of a wood which contains an average volume of 
material per unit of area. 

Having ascertained the volume of the sample plot, that of 
the whole wood can be calculated in two ways: either accord¬ 
ing to area, or according to the number of trees on the sample 
plot and in the wood. 

A = area of wood, 
a = area of sample plot, 

F = volume of wood, 

V = volume of sample plot. 


Let 
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then' the following proportion is assumed to exist:— 


and 

Again, if 

then 

and 


v.V = a: A 

V = IX .4 

a 

N = number of trees in the wood, 
n = number of trees on the sample plot, 

v.V = n:N, 


V = I-X N 
n 


In the former case, it is necessary to ascertain the areas, and 
in the latter the number of trees, in both sample plot and 
wood. As, however, the counting of all trees gives hardly less 
trouble than measuring them, the second method yields only 
a small saving of labour; it would be adopted only when the 
area of the wood is not known, or cannot readily be ascer¬ 
tained. 

2. Selection of Sample Plots. 

The proportion given above will hold good only if the 
sample plot represents a fair average of the whole wood, so 
that it can be considered as a model of it; in other words, if a 
measurement of the trees on it yields an average basal area of 
stems per unit of area, an average height, and the same form 
factors. Hence, the sample plots must be selected accordingly. 

Here several cases must be distinguished 

(a.) The quality of the wood is the same throughout tlie 
area. In this case, the sample plot may be selected 
anywhere, as long as the density of stocking represents 
an average. In very large woods, it may become 
desirable to take several sample plots and calculate the 
mean. 

(6.) Several qualities occur which are clearly separated 
according to area. Here, each quality is, treated 
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separately and one or more sample plot taken in each 
part (Fig. 25). 

(c.) Several qualities exist which change gradually from 
one to the other. In this case, the sample plot may 
take the shape of a strip which runs through the 
whole wood, so as to include a due proportion of each 
quality (Fig. 26). As this is difficult to accomplish, 



Fig. 25. 



Fig. 2G. 


it is generally better to follow the method given 
under (h), to divide the wood into several parts and to 
take a sample plot in each. 


3. Extent and Shape of Sample Plots. 

The sample plot must be of sufficient extent to contain the 
different classes of trees in the same proportion as the wood. 
Hence, its size depends on the degree of regularity of the 
stocking; the more uniform this is, the smaller may be the 
sample plot. It follows that they may be made smaller in 
young, fully stocked, than in old, irregularly stocked woods. 

Very small 8amj)le plots have the disadvantage that propor¬ 
tionately too many trees fall into the boundary lines. 

The absolute extent of the sample plot depends on the 
desired degree of accuracy. In mature woods, it should not be 
less than 5 per cent, of the whole area, but in young woods it 
may be much leas. 

The best shape would be that which includes the greatest 
area as compared with the boundary, in other words, a circle. 

F 2 
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. As this is impracticable, it is usual to give to the sample plot 
the shape of a square, or of a rectangle approaching a square. 

4. Measurement of Volume on Sample Plots. 

This can be done according to any one of the methods 
described above. As hero a conclusion is drawn from the 
volume of a small area to that of the whole wood, it is desirable 
to measure the volume on the sample plot as accurately as 
possible. 

6 . Merits of the Method of Sample Plots. 

The method of sample plots works quickly, and it affords 
a great saving of time and expense as compared with the 
measurement of whole woods. On the other hand, its accuracy 
depends on the degree to which the sample plot represents 
an average of the whole wood. Hence, it only yields accurate 
results in regular grown, young and middle-aged woods, less 
BO in old, irregularly stocked areas, or where the quality 
changes frequently. The method is chiefly useful where 
extensive areas have to be assessed, or where the value of 
the produce is small; in fact, where a high degree of accuracy 
is either impossible to attain, or not required. Where only 
small areas have to be measured, or where the value of a 
forest has to be ascertained for the purpose of sale, when a 
high degree of accuracy is wanted, the whole wood should 
be measured. 

SECTION in.-DETEHMINATION OP THE VOLUME BY 
ESTIMATE. 

Instead of measuring the trees on the whole or a part of the 
area, the volume can be estimated in various ways, of which 
the following deserve to be mentioned 

1. Estimating the Volume of the Wood as a Whole. 

This method, being the oldest and roughest of all, consists 
of going through the wood and estimating the volume, either 
of the whole wood, or per unit of area if the total area is 
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known. The estimator must consider differences in the density 
of stocking, the average volume per tree, the differences in the 
quality of tho locality, and, if for the whole wood at once, its 
area or number of trees. It stands to reason that the method 
requires great experience and practice on the part of the 
estimator, and even then considerable mistakes may be made. 

2. Estimating by Tkebs. 

Under this method, each tree is estimated separately, the 
volume of the wood being obtained by adding together the 
volumes of the several trees. With great care, an experienced 
estimator can obtain fairly accurate results, but, if done care¬ 
fully, the operation takes almost as much time as if the 
diameters of all trees and the height of some of them are 
measured; in the latter case, the volume can be calculated by 
means of form factors or volume tables, a procedure which 
yields far more reliable results. 

The method is only justiliod in open woods consisting chiefly 
of old trees, such as standards in high forest or in coppice with 
standards, or where a low degree of accuracy meets the require¬ 
ments of the case. In such cases, the estimate may extend 
over the whole area, or over a sample plot only. 

3. Estimating according to the Ebsults op Past Fellings. 

Where fellings have been made and the fall accurately 
measured, the results can be used to estimate the standing 
crop in similar woods. In such cases, it is necessary to 
take into consideration any differences in the age, density of 
stocking, height, etc. 

Frequently, fellings made in strips cleared for roads or 
rides give useful data for estimating the crop of the adjoining 
woods. In all such cases, the estimate is based on the volume 
per unit of area. 

4. Estimating the Volume by means op Yield Tables. 

In the same way as volume tables of single trees are con¬ 
structed which cive the averace volume of trees arranged 
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according to diameter, height, form factor, and age, so tables 
can be compiled, on the basis of extensive measurements, 
which show the volume of whole woods according to species, 
age, quality of locality, etc. (see Appendix III.). 

If tables are available which are suited to a particular part 
of a country, it is necessary to ascertain in the wood to be 
estimated — 

(1.) The quality class of the locality. 

(2.) The density of the crop. 

(3.) The age of the crop. 

The first is judged by the height of the trees; the second 
by ascertaining the basal area of the trees on a sample plot, 
or it may be estimated; the third by counting the concentric 
rings on stumps, or on a few trees cut close to the ground, 
unless the age is known from records. Based upon these 
data, the volume can be taken from the yield table. If, for a 
certain age, the basal area given in the table differs from that 
of the wood, the volume of the table must be modified accord¬ 
ingly; a second correction may be necessary owing to the 
difference in the height. If, however, basal area and mean 
height of the wood have been ascertained, it is much shorter 
to calculate the volume by means of form factors or volume 
tables. 

Where a sufficient number of suitable yield tables are avail¬ 
able, where the staff is experienced in estimating the density 
of stocking, and where the age is known, the determination of 
the volume becomes a very simple matter. In some con¬ 
tinental countries, no measurements are required in the case 
of all woods of fairly regular growth. This shows the great 
importance of the systematic collection of statistics bearing on 
the development of woods from their formation up to maturity. 
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CHAPTER V. 

THE AGE OP TEEES AND WOODS. 

It is of importance to know, not only the actual dimensions 
of the trees and their volume, but also the time which has 
been necessary to produce them. To solve this question, the 
ago of single trees, as well as that of whole woods, must be 
ascertained. 

1 . Dhtebmination op the Age of Single Tbees. 
a. StamUmj Treex. 

All trees increase annually in diameter and also by the 
elongation of the leading shoots and branches, at any rate 
up to a certain age. The diameter increment produces 
every year an additional concentric ring, and the new leading 
shoot leaves marks which are more or less distinguishable 
according to species and age. These facts yield data by which 
the age can be determined in the majority of cases, but not 
in all, when no records are available which give the age. 
Accordingly, the following methods of determining the age 
may be distinguished:— 

i. Detebmination from Existing Kecoeds. 

Reliable records yield the best results, if they refer to 
individual trees. In the case of trees which form part of a 
wood, they are not always accurate, as many woods are not 
even-aged. 

ii. Detebmination by Estimate. 

As a general rule, it may be assumed that the larger the 
tree the older it is. Taking, therefore, into consideration the 
conditions under which a tree has grown up, its age can be 
estimated within 10 or 20 years as long as height-growth 

f. 
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continues. In the case of very old trees, the limit of accuracy 
is much wider. At all times, this method requires much practice 
and experience, and even then it yields only approximately 
correct results. 

iii. Determination bv the Number of Annoai. Shoots. 

In the case of species which leave clear marks of the 
successive annual shoots, the age can be ascertained by 
counting these shoots from the top downwards and adding 
a proportionate number of years for the lowest part of the 
stem, where the marks are no longer distinguishable. This 
method is, in Europe, only applicable to the various species 
of pine up to a certain age, less so in the case of firs and not 
at all in that of larch or of the ordinary broad-leaved species. 

IF. Determination by means of I’REssiiEB’s Increment Dorke. 

As explained in Chapter I., with this instrument a narrow 
cylinder of wood can be extracted from the stem, on which the 
concentric rings may be counted. The instrument does not, 
however, work satisfactorily beyond a depth of 6 inches, so 
that the centre can only be reached if the diameter of the tree 
does not exceed 12 inches. Even then, it is frequently difficult 
to hit off the centre, as the trees generally grow more or less 
eccentric. 


h. Felled Trees. 

By far the best method is to count the concentric rings on 
a stump, and, if necessary, to fell a tree for the purpose. At 
the same time, this is not always an easy operation, and in 
some cases it is altogether impracticable. It is easiest in the 
case of the so-called ring-porey broad-leaved species, and in 
conifers which produce a darker coloured summer, or autumn, 
wood than that formed in spring. Frequently, false rings 
appear. These may be distinguished from true rings by 
finding that they do not run right round the tree (Hornbeam, 
Alder). In the ease of suppressed trees, the true rings are 
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frequently so narrow, either all round, or in parts, that they 
are difficult to distinguish. 

The business may be facilitated by smoothing the surface, 
making a slanting cut, or applying colouring matters (as 
indigo, alizarine ink, Prussian blue, alcohol coloured with 
aniline, sulphuric acid, etc.). Such colouring, however, does 
not always produce the desired effect. 

The number of rings thus counted represents only the age 
of the tree above the place where it has been cut. To the 
number so obtained, the number of years which the tree took 
to reach that height must be added. If absolute accuracy is 
required, the stool must be split open along the centre and the 
rings counted to the starting-point. 

In this way, the jihi/dcal age of the tree can be ascertained, 
provided that each concentric ring represents a year’s growth. 
It is, however, by no means certain, whether this is always the 
case, as temporary interruptions of growth may cause two 
rings to be formed in one year, as, for instance, the destruction 
of the leaves by insects and the subsequent sending forth of a 
second crop of leaves, fire running through a wood, or even 
late frost. Moreover, there are trees in the tropics on which 
the concentric rings do not exist, or cannot be distinguished. 

Another point is that a distinction must be* made between 
the physical and ecmwmic age of a tree. By the latter is under¬ 
stood the actual growing age, leaving out of consideration any 
years during which the tree may have been at a standstill, 
owing, for instance, to heavy shade from above. 

2. Detebmination of the Aoe op Whole Woods. 
a. Even-aged Woods. 

If’ the age of such woods is not known from authentic 
records, it can be ascertained by determining the age of a tree 
by one of the methods indicated above. If a tree is felled for 
the purpose of counting the concentric rings, it is desirable to 
avoid exceptionally thick trees, as such trees may represent 
former advance growth. 
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As whole woods are rarely established in one year, owing to 
failures and subsequent repairing, or, in the case of natural 
regenerations, owing to two or more seed years being necessary 
for the complete stocking of the area, it is generally desirable 
to examine several trees and take the mean. 

h. Uneven-aged Woods. 

In many cases, woods are less even-aged than has been 
indicated above. The differences in the age of the several 
component parts of the wood may be very considerable, as 
regeneration may have extended over a long period. In such 
cases, the mean age must be ascertained. 

By the “mean age” of an uneven-aged wood is understood 
that period which an even-aged wood requires to produce the 
same volume as the uneven-aged wood. 

Let V be the volume of the wood; 
oi, oa, as, . . . the ages of the several age classes; 

«’ii Vi, I's, ... the volumes of the several age classes; 

I, the mean annual increment of an even-aged wood of the 
same volume as the uneven-aged one; 

A, the mean age, or the age of an even-aged wood of the same 
volume a^the uneven-aged one; 

Then, according to the above definition, the following 
equation holds good 

+ ra -f rs + . . . = I X A, 
and 

A — »T + I'l + <’a + • • • _ V 

I ~r 

As the even-aged and uneven-aged woods are assumed to 
have the same volume, it follows that I must be equal to the 
sum of the mean increments of the several age classes of the 
uneven-aged wood, that is to say:— 

+ 3 + 

ai oa «8 
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By substituting this expression for I in the above equation, 
the latter becomes— 


A 


+ ^2 + ^3 + 
yi r ya _j_ ya I 

»! ' aa as ■ 


(10 


This formula is hnown as that of Smalian and C. Ileyer. It 
says in words: The mean age of a wood is obtained by dividing 
the volume of the whole wood by the sum of the mean annual 
increments of the several ago classes. The method may be 
simplified by assuming that the age is approximately propor¬ 
tionate to the diameter; hence, the diameter classes may be 
taken as the age classes. The above formula is chiefly used 
when the age classes are irregularly mixed over the area. 

If the age classes are found on different parts of the area, 
the following formula may be used, where jhi, nh, HH, • • • 
represent the areas of the several age classes:— 

A = X a, -f m a X -b 11)3 x a, -f . . . 

“1 + “2 + “3 '+■ ■ ■ 

This formula was first given by Giimpel. It gives good 
results if the differences in age are small and the age itself is 
close to that at which the increment culminates, as it then 
changes but slowly. 

Andre bases the calculation upon the number of trees in the 
several age classes. If they are wi; « 2 ; « 3 ; . . . , his 
formula runs thus:— 


a _ Hi X a, 4 - n, X a, + Ug X as -I- . , . ^ 

5r+n7+n3 + r.T • 

All these formulae are somewhat troublesome. Formula (1) 
demands a knowledge of the volume and increment; (2) of the 
areas occupied by each age class; formula (3) requires the 
number of trees in each age class. In practice, the mean age 
is frequently taken as equal to the average age of the sample 
trees, or of the age classes, according to the formula:— 

A = 


XL 


. (4.) 
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where n represents the number of sample trees, or age classes, 
as the case may be. 

Finally, the age of the arithmetical mean sample tree can 
be taken as the mean age of the wood. 


Hxamjile :— 
Let 



Vi 

= 4,000 

O 

1! 

mj 

= 2 acres 

«1 — 

1,500 



= 9,000 

a.j = 60 


= d „ 

«2 - 

l.COO 


Va 

= 7,(K)0 

a., = 70 

Wjt 

= 2 „ 

Vii — 

800 



== 4,0(K) 

a , - 80 


= 1 

Ttf = 

300 

Mean 

age according to formula 

- 




(1) 

J = 

4,000 

+ 9,000 + 

7.000 

+ 4,000 

24,000 



■ 4,000 

, 9,(KH) , 

7,000 

4,0(t0 ~ 

380 

• ~ 



50 

+-c(r + 

70 

■*" ■ 80 




Years. 


( 3 )^ = 


= 62-0 


2 X 5 0 + 3 ^ X CO -1^2 X 70 + 1 X 8 0 

1.500 X 50 + ],fi00 X CO + 800 X 70 + 300 X 80 „ 

i,500 + l.COO + 800 + 300 “ 

50 + CO + 70 + 80 


(4).!= . 


4 


= C5 
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CHAPTEK VI. 

DETEEMISrATION OE THE IHCEEMEITT. 

Dubing every growing season, a tree increases by the elonga¬ 
tion of the top shoot, aide branches, and roots, and by the 
laying on of a new layer of wood and bark throughout its 
extent. Thus, the height and diameter (or basal area), as well 
as the spread of the crown, increase constantly up to a certain 
age, producing an increase of volume called the increment. By 
adding up the increment of the several trees in a wood, that 
of the whole is obtained. 

The increment may refer to one or more growing seasons, 
and Accordingly a distinction must be made between — 

(1.) The current annual increment, or that laid on in the 
course of one year. 

(2.) The periodic increment, or that laid on during a number 
of years. 

(3.) The total increment, or that laid on from the origin of 
a tree or wood up to a certain ago, frequently that when 
the tree, or wood, is cut over. 

(4.) The mean annual increment, or that which is obtained 
by dividing the increment laid on during a given period 
by the number of years in the period. If the mean 
annual increment is calculated for a portion of the total 
age, it is called the j^eriodic mean annual increment, if 
for the total, or final age of the tree or wood, it is called 
the Jinal mean annual increment. 

In determining the increment of whole woods, it must be 
remembered that a certain number of trees disappear from 
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time to time owing to thinnings and natural causes. All such 
removals must be taken into account in determining the total 
increment laid on. 

The determination of the increment may refer to the past 
(backward) or to the future (forward). As the former deals 
with actually existing quantities, the determination can be 
made with a comparatively high degree of accuracy; the latter, 
on the other hand, is to a considerable extent based on 
speculation ; hence, less reliable. 


SECTION I.-DETEEMINATION OF THE INOEEMENT OF 
SINGLE TREES. 

1. Height Increment. 
a. Of the Pant 

The height increment of standing trees can, in some cases, 
be ascertained by the whorls formed in successive years. This, 
however, refers to a limited number of species. In the majority 
of cases, it is necessary to cut down a tree for the purpose of 
investigating the height increment. 

The height increment of the last tew, say n, years can be 
ascertained, in the ease of some conifers, by measuring the, 
length of the last n shoots. In the case of all other species, 
the height increment of the tree during the last « years is 
ascertained by cutting off a certain length and counting the 
rings: if they are less than n in number, an additional piece 
must be cut off, and so on until that spot has been found 
where the section shows n rings. If the section of the 
first cut shows more than n rings, then another cut higher 
up is made, until again the section shows n rings. The 
length above that point gives the height growth of the last n 
years. 

In all cases, where a complete knowledge of the height 
increment during the several periods of life is required, the 
tree should be divided into a number of sections, the length 
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of which depends on the desired degree of accuracy. The con¬ 
centric rings are then counted at the end of each section, and, 
from the data thus obtained, the height of the tree at successive 
periods of life can be ascertained, either by calculation, or 
interpolation. 

Generally, graphic interpolation gives the better results, as 
it equalises accidental irregularities. In this case, the absciss® 
represent the ages,and the ordinates the corresponding heights. 
By connecting the points thus indicated by a steady curve, 
the height at successive ages can easily be read off. 

Exumjile. —See analysis of a Scotcli pine tree, at p. 82. 


h. Hcvilit Increment of the Future- 

The expected height increment for a number of years to 
come can be estimated from the increment of the immediate 
past. In doing this,'the rate of increment during the past 
must be studied, and especially the time ascertained when the 
current annual increment of the species usually culminates. 
If the increment immediately before the time of inquiry was 
still rising, it may continue to do so or not, according to 
whether the maximum has been reached or not. If it is 
already falling, it will continue to do so, and in that case the 
rate at which it is likely to fall must be estimated. In this 
way, the probable increment for a limited number of years (say 
10) can be estimated with satisfactory accuracy. This is best 
done by constructing a height curve of the past, and elongating 
it for the required period, so as to form a continuous curve. 


2. Diameter Increment. 
a. Of the Past. 

This can refer to wood and bark, or to wood only. 

The increment of wood and bark laid on by standing trees 
8B be ascertained by repeated measurements of the same tree,. 
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a certain number of years being allowed to pass between evei^ 
two measnremonts. The latter are made with the calliper, 
care being taken to mark the place of measurement without 
causing an unusual swelling at that part of the tree. Where 
immediate results are required, the increment can be ascer¬ 
tained with Pressler’s increment borer. The number of years, 
for which it can be ascertained, depends on the length of the 
cylinder which can be extracted, and on the rate of growth. 
As most trees grow irregularly, it is necessary to ascertain the 
increment at opposite sides, or at four sides, and to take the 
mean. These investigations rest on the assumption that the 
concentric rings are distinguishable, and that each ring repre¬ 
sents one year’s growth. 

The increment can be ascertained with much greater accuracy 
by felling a tree and measuring the breadth of the desired 
number of rings on the section, the latter being laid at right 
angles to the axis of the stem. The measurements are made 
with a scale subdivided to a sufficient degree. This is either 
laid on the section and the breadths read off, or the latter are 
taken off with a pair of compasses, and the dimensions then 
taken from the scale. In either case, care must be taken to 
obtain averages by measuring along two, four, or more radii, 
arranged at equal distances over the section, and then taking 
the mean of the several readings. 

In the case of standing trees, the increment can only be 
ascertained for a limited number of years. If a tree is felled, 
the increment can be ascertained for the several periods of its 
life, say, for every five, ten, or more years. The result can be 
graphically represented and a mean curve of increment con¬ 
structed, from which the increment for any desired intervals 
can easily be determined. By repeating the above operation 
at successive heights from the ground, the increment can be 
ascertained in the several parts of the stem. (See example 
below.I 
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b. Diameter Increment of tiie Future. 

This is estimated from the increment of the immediately 
preceding period, taking into consideration how far the 
future diameter increment may be affected by the method 
of treatment, more especially the proposed degree of thin¬ 
ning ; the stronger the latter, the greater is the increment 
likely to bo. 


3. Area Increment. 


The increment in basal area is calculated from that of the 
diameter. Let D be the mean diameter of the whole section, 
d the diameter of the same section n years ago, then 
Basal increment during n years = 


X v <P X n 

“"4 ^ 4 ““ 


( 1 /^ 


—- = (Ifi - ( P ) X -785. 


The basal increment can be ascertained for a limited number 
of years only, or for the several periods of the life of a tree. 
An estimate of the future increment is based upon that of the 
immediate past, taking into consideration the proposed treat¬ 
ment as in the case of the diameter increment. 


4. Volume Increment. 
a. Of the Past. 

The past volume increment of a tree during a certain period 
of years, n, is equal to tho difference of volumes at the com¬ 
mencement and end of the period. These volumes can be 
ascertained by examining a series of sections at various 
heights of the tree, or by basing the calculation upon 
measurements made at the middle section, or by using form 
factors. 


i. Dbtekmination of the Incbemeht bv Sectioks. 

If the increment of only a limited number of years, n, is 
desired, it can be ascertained by means of the increment borer. 
The breadth of n rings is ascertained at regular intervals along 
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the Btem, and the difference between the present volume and 
that n years ago calculated. 

The investigation of the progress of increment throughout 
the life of a tree is called a skin analysis. It consists of a 
combination of a height and a diameter analysis. 

The tree having been divided into a suitable number of 
sections, each is cut through in the middle, the number of 
concentric rings counted, and the diameter at the several ages 
measured. The measurements are best plotted, so that a 
representation of a longitudinal section through the tree is 
obtained. For this purpose, the heights of the several cross 
sections from the ground are marked on a vertical line, which 
represents the axis of the stem; also the heights which the 
tree had obtained at successive periods of its life. Next, the 
radii, or diameters, of the cross sections are marked on 
horizontal lines, and the points thus obtained connected by a 
series of lines which represent the stem curves at the several 
stages during the life of the tree. From the data thus 
obtained, the increment throughout the several periods of 
the life of the tree can be calculated. As the thickness of the 
bark at former periods cannot be ascertained, these investi¬ 
gations can refer only to the increment in wood, exclusive 
of bark. 

Example:— 

Analysis of a Scatrlt Pine Tree. 

The tree was cut up iuto nine pieces, which gave the following cross 
sections:— 

Section I. taken at foot of tree, showing 97 conconbio rings. 
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Fig. 27.—Graphic representation ol the Hei^U Ineroment. 


7W«.—The tree grew in a very favourable locality, but it was overtopped by 
other trees at the age of about 40 years; hence the reduced height growth 
after that period. 
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Radius of Section I. 

Radius of Section 11. 

UadiuH of Section III. 

Radiim of Section IV. 

at foot of tree, 

at 6' from tlie {'round, 

at 15' from theKTound, 

at 25' from the ground, 

in Inches. 

in Indies. 

in liiclicR. 

in Indies. 

Total 

_ 

11-50 

Total 


8-82 

Total = 6-92 

Total = 6-38 

97 

=. 
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95 

= 
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5-81 

ToUl = 3-54 

Total = 2-12 

80 


D-9(> 

72 

= 

5-7.-) 

04 = 3-10 

34 = 2-(i7 

70 


5*71 

02 

= 

5-40 

54 - 2-98 

24 = 1-00 

60 

=5 

5*28 

52 

= 

4-87 

44 = 2-10 

14 = -88 

BO 


4-80 

42 

= 

4-31 

34 = l'8r. 

4 = '24 

40 

= 

4*87 

82 

22 


874 

24 = 1-40 


80 

= 



305 

14 - 1-03 


20 

_ 

2-95 

12 


1*90 

4 = -41 

Itadius of S(>ctiori TX. 

10 


1-85 

2 

= 

•86 

ut 08' from the ground, 
in Inches. 








Total = 1-43 








26 = 1-39 

10 = 1-02 








0 = -60 


Calculation op the Volume op the Thee at Difpekent Ages. 


Xumbor 

“of 

Section. 

Dia¬ 

meter, 

in 

Inches. 

Basal 
Area, in 
Square 
Foot. 

TiOngih, 

in 

Poet. 

Volume, 

in 

Ciihic 

Feet. 

Number 

of 

Section. 

Dia- 

imitcr, 

in 

Iiidios. 

Basal 
Area, in 
Square 
Feet. 

lipiigth, 

in 

Feet. 

Volume, 

in 

Cubic 

Feet 

1 Whole Tree, ivolndhig Bark, 

age = 

Whole Trec^ without Bark; 

age = 



97 Xearx. 




97 Years. 


1 

17-6 

1-69 

10 

16-9 

1 

16-6 

i-no 

10 

IB-O 

2 

13'8 

1-04 

10 

10-4 

2 

13‘(> 

1-01 

10 

101 

3 

12-8 

■89 

10 

8-9 

3 

12-4 

•84 

10 

8-4 

4 

12*1 

•80 

10 

8-0 

4 

11-9 

•77 

10 

7-7 

6 

11-6 

•73 

10 

7-3 

5 

11-5 

•72 

10 

7’2 

6 

71 

•27 

10 

2-7 

0 

0-9 

•20 

10 

2-6 

7 

4-2 

•10 

8 

•8 

7 

41 

•09 

8 

•7 



Total Timber 

= 65-0 



Total Timber 

= 61-7 

8 

2-9 

•05 

§• 

•16 

8 

2-8 1 -04 


•12 


Total Timber and Fuel 

= 66^16 


Total Timber and Fuel 

= 61-82 


• The top is considered as representing a cone, the relume of which = basal 
area X one-third of the height. Minimum size of timber = 8 inches. 
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CALCttLATION Or THE VOLUME OF THE TllEK AT DiPFEEENT AOES,—F(W(< 


Ntimboi 

of 

Hoction 

Dia¬ 

meter, 

in 

Inchon. 

DuHnl 
Area, in 
y(|tiaro 
Feet. 

TApngth, 

in 

Foot 

Volume, 

in 

Cubic 

Font. 


Tree 87 Ycant Old, 



16-7 

1-34 

10 

13*4 

2 

12*1) 

•91 

10 

91 

3 

111) 

•77 

10 

7-7 

4 

11'4 

•71 

10 

71 

6 

10-8 

•64 

10 

6*4 

(> 

G-O 

•2b 

10 

2-0 

7 

3-3 

•uo 

8 

•5 



Total Tindier 

= 46-2 

8 

2-0 

•02 

§ 

•03 


ToUvl Timber and Fuel 

= 46-23 


Tree 

77 Yean Old. 


1 

H-7 

1-18 

10 

11*8 

2 

12*3 

•83 

10 

8-3 

3 

11-2 

•08 

10 

6-8 

4 

lO’G 

•01 

10 

6-1 

5 


•51 

10 

6-1 

G 

4*8 

•13 

10 

1-3 



Total Timber 

- 39*4 

7 

]’8 

•1)2 

8 

•16 

8 

10 

■01 

3 


Total Timber and Fuel 

= 39-56 


Tree 07 Years Old. 


1 

130 

•99 

10 

9-9 

2 

121 

•80 

10 

8-0 

3 

lOG 

•01 

10 

61 

4 

9’« 

•50 

10 

5*0 

6 

8-6 

•40 

10 

4-0 

6 

3’7 

•07 

10 

•7 



Total TimlMir 

= 33-7 

7 

2-0 

■03 

R 

TS 

•01 


Total Timber and Fuel 

= 33-74 


Tree 57 Years Old. 


1 

12'5 

•85 

10 

8*5 

2 

10-9 

•65 

10 

6*5 

3 

10-0 

•55 

10 

5T) 

4 

8-7 

•41 

10 

4-1 

5 

7-5 

•31 

10 

31 



Total Timber 

= 27-7 

6 

2-8 

•04 

10 

•4 

7 

1-0 

•01 

* 

■01 


Total Timber and Fuel = 28'11 


Number 

of 

Section 

Dia¬ 

meter, 

in 

Inches. 

Daanl 
Area, in 
8(innre 
l''eot. 

Length, 

in 

Feet. 

Volume, 

in 

Cubic 

Feet. 


I'ree 47 Years Old. 



11*5 

•72 

10 

7*2 

2 

9-9 

•53 

10 

5-3 

3 

H-H 

•42 

10 

4-2 

4 

7*7 

•32 

10 

3-2 

5 

61 

•20 

10 

2-0 



Total Timber 

^ 21-9 

6 

2*1 

•02 

10 

•20 

7 

•G 

•002 




Total Timber and Fuel 

= 22^10 


7'ree 37 Years Old. 



10-1 

‘56 

10 

frO 

2 

8-5 

•39 

10 

3^U 

3 

7-6 

•32 

10 

3^2 

4 

5-9 

•19 

10 

P9 

5 

3-8 

•08 

10 

■8 



TiJlid Timljcr 

= 154 

6 

2-4 

■03 

1 

■07 


Total Timber and Fuel 

= 15-47 


'Tree 27 Years Old. 



8-7 

•41 

10 

4-1 

2 

7-0 

•27 

10 

2*7 

3 

5-6 

•17 

10 

1-7 



Total Timber 

== 8-5 

4 

2*7 

•04 

10 

•40 


1-6 

•01 

1 

•02 


Total Timber and Fuel 

= 8-92 


Tree 

17 Years Old. 


1 

6-8 

•25 

10 

2-6 

2 

4*5 

•11 

10 

M 



Total Timber 

= ifO 

3 

2-6 

•04 

10 

•40 

4 

12 

•01 

s 

•02 

Total Timber and Fuel 

= 4^02 


7'ree 7 Years Old. 




Total Timber 

= 00 

1 

2-6 

•04 

10 

■4 

2 

12 

•01 


■01 


Total Timber and Fuel = 0 41 
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DETERMINATION OF THE INCREMENT 



Fig. 28.—Graphic rcprcseniation of tlie Diameter Increment 
at 5 feet from llu* ground. 
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Itccapitulatim, 

The stem ot the tree had, at the age of 97 years: 

A total volume of = Oo'lo cubic feet. 

Of this was 

Bark ( ~ “■ ol’82 = li'SIJ cubic feet. 

( = 6 per cent, of total volume. 

Leaving 

Timber (over 3" diameter) = 51 '7 cubic loot. 

Firewood . . . = •12 „ „ 

Totid Timber aud Firewood = 51"82 cubic feet. 

By giaphically representing the volume of wood at the several ages, 
Fig. 30 is obtained, which, with the previous diagrams, gives the follow¬ 
ing data 


Age of Tr#o. 

Height, in Foot. 

Diamfitcr witliout 
Hark, at f>' above 
gronurl, Indies. 

Volume witliout 
13ark, in 

Cable i'Vet. 

Periodic lucre- 
merit, for every 
Ten Yoftra. 
Cubic Foet. 

0 

- 

- 

— 

} 1-8 

10 

20 

4-0 

1-8 

4.2 

20 

38 

7-4 

60 

) 

1 C -0 

30 

61 

91 

120 

1 «*0 

40 

68 

10 -G 

18-0 

1 

1 6-0 

m 

62 

11-9 

240 

) 

1 6-9 

60 

64 

12-8 

29-9 

) 

[ 6*4 

70 

67 

13-9 

3.6-3 

} 6-7 

80 

70 

15-0 

42-0 

1 6*0 

90 

74 

160 

48-0 

1 3-8 

97 

77 

16'6 

51'8 

Total . 

J 

61-8 


ii. Determination or the Increment bt the Middle Section. 

If somewhat lees accurate results suffice, the volumes can be 
ascertained by multiplying the basal area in the middle by the 
height. Let V be the volume of the tree at the present time, 
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0 10 20 so 40 . &0 60 70 80 W 100 

AGE, IN YEARS. 

Fig. 30.—Graphic rcprcBCutation of the Volume. 


V that n years ago, 11 and h the corresponding heights, Fig. 31 

and S and « the corresponding basal areas at and 5 , thei 

I=V-v = SxH-8Xh. 

H 

The height and the basal area at - 5 - can easily be measurec 
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I 

The height h, n years ago, if it cannot be ascertained hy 
external marks, is ascertained by cutting off a piece from the 
top downwards, and repeating the operation, until the point 
has been ascertained, where the basal area contains n con¬ 
centric rings; then the basal area s, at is ascertained. 

The breadth of the last n rings can be obtained with the 
increment borer. In either case, the diameter increment 
must bo measured in several places, so as to obtain the 
mean. 

In order to simplify the operation, Pressler proposed to cut 
off a length corresponding to « years’ height growth in the 



first place, and then to measure the basal area in both cases 
at (See Fig. 82.) He obtains the increment according to 
the formula: 

I = S X h — s X h = {S — s) h. 

The error due to omitting the top is said to he compensated 
for by S being taken somewhat below 

iii. Detebmisation of the Increment by Form Factors. 

Let S be the basal area of a tree taken at chest height; » the 
basal area of the tree n years ago taken at the same height; 
H and h the corresponding heights, and F and f the corre- 
' spending form factors, then the increment— 

I = SxHxF-sXhxf. 
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In tho case of a standing tree, TI is measured with a height 
measurer, h is estimated or taken from tables of height growth, 
tho proportion between the outer 
and inner diameters being utilised 
to determine h. S is obtained by 
measuring the diameter with a cal¬ 
liper, and s with the assistance of 
an increment borer. F and / must 
be obtained from form factor tables, 
or estimated. If F is taken as = f, 
the formula becomes: 

I =(S X Tl — s X h) X F. 

The method can give only approxi¬ 
mately correct results, because h 
has to be estimated. It must also 
not be overlooked that form factor 
tables give only averages; hence, 
the method is not adapted to the 
measurement of a single tree, but 
only to that of a large number of trees. Even in the latter 
case, the results can be only approximately correct. 

1). Volume Increment of the Future. 

The increment which a tree may be expected to lay on in 
the future can be estimated from its own past increment, 
especially that of the immediate past. 

The increment is represented by the formula: 

1 = SX 11 XF — sXhXf, 

where s X h Xf represents the present volume, and S X H 
X F that to be expected after n. years. The formula shows 
that, in order to obtain fairly accurate results, it is necessary 
to estimate S, 11 and F from s, h and/. How this should be 
done as regards basal area and height has been explained 
above. The form factor F may be obtained from tables if 



Fig. .13. 












OF WHOLE WOODS. 
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such are available; otherwise it must be estimated, or it may 
be taken as equal to/. 

Instead of estimating the separate factors, the volume incre¬ 
ment of the next n years may be estimated direct from that 
laid on during the last n years, taking into consideration how 
far the latter should be modified with regard to the age of 
the tree, locality, future treatment of the wood, especially the 
proposed degree of thinning, etc. 

According to Pressler’s method, the probable increment can 
be ascertained by estimating the probable diameter increment 
and then proceeding by the formula: 

J,. = (S- «) 1., 

where s represents the present section in the middle, S the 
expected section in the same spot after n years, and h the 
present height. The method applies only to felled trees; 
hence, it necessitates the felling of one or more sample trees. 

SECTION n.-DETERMINATION OP THE INCREMENT OP 
WHOLE WOODS. 

It has been shown that, in the case of single trees, the 
accumulation of the volume, as well as the increase of the 
factors which lead up to it, height, diameter, or basal area 
increment, can be followed backwards with a considerable 
degree of accuracy. This is not the case as regards whole 
woods, because trees die or are taken away in thinnings. 
Investigations made on sample trees selected in a wood 
show only the gradual development of the individuals 
existing at the time of examination, but they throw no light 
on that of those trees which have disappeared in course of 
time since the wood was created. Height growth alone makes 
an exception. An analysis of a number of sample trees will 
indicate the mean height of these trees daring previous periods, 
which may be taken as the upper height of the wood at those 
times. These would, of course, not represent the mean 
heights at the several ages, because it may safely be assumed 
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that the now existing trees were, as a rule, always the leading 
trees. Investigations have proved that the mean height of 
woods can be deduced from the upper height. For instance, 
in the case of the Scotch pine the difference ranges from 
about 8 to 5 per cent, according to the age of the wood. 
But no such relation has as yet been found as regards the 
basal area or the volume, and to evolve the former amounts of 
these out of the present quantities is more or less speculative. 
Under these circumstances, one of the two methods about to 
be described may be followed. 

A. Determination of the Future Increment according to 
the Mean Annual Increment of the Past. 

The present volume of the wood is ascertained and divided 
by its age, the quotient giving the mean annual increment 
calculated on the growing stock present at the time of measure¬ 
ment. According to the age of the wood, it may be assumed 
that the mean annual increment will be laid on for a number 
of years to come, or a somewhat diminished or increased 
increment. 

The method gives fair results, if the calculation is made 
for the time when the mean annual increment culminates and 
even for older woods; it is less accurate in the case of younger 
woods. Moreover, it is only applicable for a limited number 
of years. 

B, Determination of the Increment by means of 
Yield Tables. 

’/.—Yield Tables Generally. 

1. Definition op Yield Tables. 

It has already been explained that the progress of height, 
diameter, basal area, and volume increment can be repre¬ 
sented by curves constructed on the principle that the succes¬ 
sive ages are marked as absciss®, and that the corresponding 
ordinates represent the height, diameter, basal area, oi 
volume. Such curves indicate the appropriate quantities foi 
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any age up to a certain limit, generally the highest rotation 
likely to be adopted. Instead of employing curves, the data 
which they represent are read off and arranged in tables, and 
these are called Yield Tables. 

By a yield table is understood a tabular statement which 
gives the course of the development of a wood from early youth 
up to a certain ago, either from year to year, or for intervals 
of a certain number of years. 


2. Object and Contents of Yield Tables. 


Yield tables are used for a great variety of purposes, as: 


(a.) 

{h.) 

('••) 


(</.) 

(«.) 


(/.) 


Determination of the volume of woods. 

„ „ ,, increment of woods. 

,, „ ,, quality of localities or growing 

stock. 

„ „ „ most profitable species, method of 

treatment, and rotation. 

„ „ ,, value of the soil, growing stock, or 

both. 

„ „ „ yield of forests. 


In order to meet all these requirements, yield tables should 
show, per unit of area (acre): 


(1.) The number of trees. 

(2.) The mean diameter of trees. 

(3.) The basal area of trees. 

(4.) The height of the wood. 

(6.) The volume, which may be found in a fully-stocked 
wood at successive ages; also the yield of thinnings, 
(6.) The current annual and mean annual increment. 

(7.) The form factors. 

Separate yield tables must be prepared for 
(a.) Each species. 

(6.) Each method of treatment, as high forest, coppice woods, 
and combination forest. 

(c.) Each quality of locality. 
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The volume is given divided into the different classes of 
wood, as timber, firewood, etc. The volume of thinnings, 
or intermediate yields generally, is entered separately from 
that of final yields. 

Yield tables are prepared only for “ normal ” woods, that is 
to say, for woods which are fully stocked, taking into considera¬ 
tion the species, quality of locality, and the adopted method of 
treatment. Such woods are produced if no extraordinary 
influences have interfered with their progress, such as natural 
phenomena, faulty treatment, etc. 

3. Local and General Yield Tables. 

If a yield table has been prepared for a particular district of 
limited extent, it is called a local yield table; if for a whole 
province or county, a general yield table. 

The question, what territorial limits should be assigned to 
the applicability of a yield table is still under discussion, but 
so much is certain that, in the preparation of such tables, a 
considerable extent of country can be thrown together without 
incurring any appreciable inaccuracy. It has been proved, for 
instance, that yield tables prepared for North Germany are 
quite applicable to the south and centre of England. 

4. Quality Classes. 

Localities of different quality, or yield capacity, produce 
woods which follow in their development different laws. The 
law of increment of the one cannot be evolved out of that of 
the other. The preparation of each yield table should, there¬ 
fore, be based on data obtained from localities of precisely the 
same quality. As a rule, however, a large number of different 
qualities exist; hence, in practical forestry, some concession 
must be made by being satisfied with a limited number. 
These rarely exceed five, and frequently three are quite 
sufficient. The best quality is generally designated as 1. 
quality, though the reverse would be better. 
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In proceeding to construct yield tables, it is obviously of the 
first importance to have a ready method by which the quality 
of a locality may be determined. It has been explained in 
Silviculture that the several factors of the locality, such as 
the chemical and physical conditions of the soil and subsoil, 
the climate, etc., do not enable the forester to determine the 
quality of the locality for forest purposes with any degree of 
accuracy, and that the only satisfactory indication is given by 
the wood which has been produced on it. In other words, a 
locality which produces, in a given time, a large volume, is of 
good quality; one which produces a small volume, of inferior 
quality. The volume, then, is in the first place the surest 
indication of the quality of the locality. 

As it is, however, a somewhat cumbrous process to ascertain 
the volume when searching for a certain quality, the question 
arises, whether one or more of the elements, from which the 
volume is calculated, would not do equally good service. It 
has been shown above that the volume V = s X h X f. 

Of these three elements, the form factor moves between 
comparatively narrow limits, and it is not suited for the 
present purpose, apart from the fact that the volume would 
first have to be ascertained in order to determine the form 
factor. Basal area and height together give a sure indication 
of the quality, that is to say, two woods which show the same 
basal area and height may safely be assumed to have the same 
volume ; hence, the localities which have produced them would 
be of the same quality. 

If only one indicating element is used, the height is far 
preferable to the basal area. While two woods of the same 
species and equal basal areas may have very different heights, 
experience has shown that two normal woods of the same 
height have approximately equal basal areas. It follows 
that the height is, next to the volume itself, the best indi¬ 
cator of the quality of the locality, and it is easily ascertained. 
Great height growth means good quality, small height growth 
inferior quality of locality. 
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Neither the mean diameter nor the number of trees can be 
used for the above purpose, as they are not in due proportion 
to the volume. Nor can the product of the number of trees 
multiplied by the mean diameter be used. 

5. Methods of Constructing Yield Tables. 

The following methods have been proposed :— 

o. AnniKil or Periodical Measurement oj the Growing Stock 
of one and the same Wood; in the second case, the Inter¬ 
mediate Values are found hy Interpolation. 

The method gives absolute certainty that all figures of the 
yield table are derived from the same quality class, but as the 
preparation of the table would take a century and more, 
the method has only theoretical value. Moreover, accidents 
may happen which would render the wood unfit for further 
• observation. 

h. Annual or Periodical Measurement of the Growing Stock 
of a limiud number of Woods of different Ages. 

In order to save time, it has been proposed to select several 
woods differing in age by a certain number of years, say 20, 
and to obtain from the measurements of each, extending over 
20 years, part of the yield table. To make sure that the 
quality of the several woods is the same, it is necessary that 
they should have the same volume at the same age; in other 
words, the wood now 40 years old should have had, when 20 
years old, the same volume as the present 20 years old wood 
has; again, the 60 years old wood the same volume, when it 
was 40 years old, as the present 40 years old wood, etc. Or, 
to put the matter differently, the 20 years old wood should 
have, when it becomes 40 years old, the same volume as the 
40 years old wood has now, etc. In addition, tho progress of 
the increment should be steady throughout. 

Although it is difficult to select localities on these lines 
which are of exactly the same quality, or woods which will 
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develop in the same manner, there can be no doubt that 
ultimately satisfactory yield tables can be obtained only by 
observing and periodically measuring suitable woods for a 
series of years. Hence, the method is actually followed. For 
each quality class, and age gradation, several sample plots are 
selected, and these are periodically measured and the mean 
taken. In this way, yield tables will ultimately be obtained. 
It is necessary to take several plots for each quality and age 
gradation, so as to obtain average results, and because one or 
other may become unfit for the purpose in consequence of 
unforeseen events. 

c. Meamrement nf a large nitmher of Wo(xh of diffemit Ages 
once so that Yield Tables are obtained immcdiateh/. 

Until yield tables, prepared as indicated under b, become 
available, others for immediate use are required. These are 
obtained by measuring fully-stocked sample plots in a sufficient 
number of woods, representing all ages with moderate intervals. 
Out of the data thus obtained, steady curves and tables are 
prepared. A separate set of woods is required for each quality 
class, and the great difficulty consists in selecting for each set 
localities of the same quality. For this purpose various 
methods have been suggested. Most of these start from 
an indicating wood, while one, specially elaborated by Baur,* 
starts from a different principle; the latter will be dealt with 
in detail further on, as it is the most practical method. 

i. Selection of Woods fok each Quality Class by Means of .an 
IHDIOATINQ Wood. 

The method is based upon the fact that the older wood has 
been evolved out of the younger, in other words that the older , 
wood had at one time the same volume as the younger. Hence, 
it should be possible, by analysing a number of sample trees, 
to ascertain the volume, or basal area, height, and form factor, 
which the trees of a mature wood had at the several periods of 
• Late Prolessor ol Forestry at the University ol Munich. 

F.U. 


B 



wo , ■ UJ? rnii IJMt'tUJiJttJliWl. 

tlieir life. Guided by the data thus obtained, woods are 
selected, the dominant trees of which show the same dimen¬ 
sions as those which the mature trees had at the same age. 
Such woods are assumed to give true representations of what 
the now mature wood was at the same ages. When a sufficient 
number of woods of various ages has been selected, sample 
plots with normal stocking are measured in them, and the 
data worked up into a yield table for the corresponding quality 
class. The same procedure is followed for all other quality 
classes. 

Various authors have gradually elaborated this system, first 
Seutter as early as 1799, then Hossfeld in 1823. Huber, in 
1847, was the first to give a regular method of working with 
an indicating wood. He calculated the mean tree of a normal, 
mature wood, analysed it and searched for younger normal 
woods, the mean trees of which possess the same dimensions 
as the mean tree of the mature wood had at the same ages. 
His method is, however, wrong, because the mean tree of 
the mature wood was not the mean tree at all former stages 
of life. 

Theodor Hartig, and afterwards llobert Hartig, analysed 
the largest trees of the mature wood, and then searched for 
younger woods, an equal number of the largest trees of which 
show the same dimensions as the largest trees of the mature 
wood had at the same ages. Such woods are considered as 
having been produced on localities of the same quality, so that 
they can be used for the preparation of one yield table. 

The system pre-supposes that the largest trees of the 
mature wood were amongst the largest trees at all previous 
periods of the wood’s life. Although this holds good generally, 
exceptions occur. Besides, the method is very troublesome in 
execution. 


it. Bacb’s Method of Peepaeiso Yield Tables. 

After a sufficient number of normal sample plots on all sorts 
of qualities and ages have been carefully measured (at least 80 " 

4 
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for each quality class), the volumes are marked as ordinates 
over the corresponding ages as abscissae (Pig. 84). 

Next, two curves are drawn, so that the lower touches the 
lowest points and the upper the highest points indicating these 
volumes. Then, the area thus confined is divided into as many 
equal strips as there are quality classes to be distinguished. 
The woods falling into each strip are considered as belonging 
to the same quality class. By drawing a mean curve through 
each strip, the mean volume curve for the quality is obtained 
from which the volume table is prepared for successive years. 
In a similar way, mean curves for the height, basal area, and 
number of ti’ees are constructed for each quality class. The 
method is of easy application, and it yields good results. 

Baur’s method, combined with that described under (/»), has 
been utilised in the preparation of yield tables for Germany. 
The work was common ced some 86 years ago on a 
prearranged systematic plan, and has led to the compilation 
of a number of tables. Those which appeared best adapted 
for the conditions in Southern and Central England will be 
found in Appendix III. There is no pretence on the part of 
the author to maintain that the tables absolutely apply to the 
conditions found in the United Kingdom, but there is sufiicient 
jproof to show that the data given in them hold good approxi¬ 
mately for woods in the south and centre of England, and that 
they may safely be used until tables have been prepared 
based on data collected in this country. In may be said that 
the most urgent need of British forestry is the collection of 
statistics, by means of which the financial results of the 
industry can be estimated. Until such statistics become 
available, no substantial progress is likely to be made, unless 
the results obtained elsewhere are temporarily admitted. 
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DETEBMINATION OP THE INCEEMENT. 



Fig. 34.—Grajihic Kepreseufatioii of iho Volimr. per Acr(' of 40 different Woods 
and Hieir allotment to Three Quality Classes, according to Ilaur’s method. 
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Example op Prkpaeinb a Yield Table acooedinu to Baur’s Method. 
Scotch Pine : 3 Quality Classes to be distinguished. 

Wffods Measured as follows :— 


No. 

Ak«'. 

Years. 

No. 

or 

Titfs. 

Basal 
Area, 
f«t. ft. 

Moan 

fret. 

Volume 
in Holid 
cul). ft. 

No. 

Akc. 

VCHI’H. 

N«i. 

of 

Tiers, 

Basal 
Area, 
S«|. ft. 

Mrnn 

Ilriulit, 

trrt. 

Vulunir 
m solid 
rub. ft. 

I 

15 


62 

10 

1800 

21 

70 

295 

178 

70 

5500 

2 

17 


00 

14 

1100 

22 

79 

20.5 

177 

72 

630fi 

3 

18 


01 

13 

1 too 

23 

81 

245 

192 

80 

7200 

4 

21 


81 

20 

1700 

21 

85 

290 

1.50 

02 

5030 

5 

27 

liuo 

130 

33 

3300 

25 

94 

190 

190 

93 

9000 

(i 

29 

2100 

99 

25 

2050 

20 

94 

240 

1.50 

07 

6f»O0 

7 

34 

14S9 

133 

35 

3250 

27 

94 

218 

177 

80 

730(J 

8 

35 

1070 

113 

32 

2800 

28 

90 

24 S 

1.50 

09 

5300 

9 

35 

910 

150 

Hi 

4 150 

29 

97 

200 

170 

82 

il9(50 

10 

in 

020 

10r> 

55 

4809 

30 

99 

170 

194 

93 

8200 

11 

47 

740 

150 

47 

4230 

31 

101 

100 

192 

94 

9200 

12 

18 

HfiO 

132 

10 

2900 

32 

10(; 

109 

177 

80 

71.50 

13 

49 

. 080 

151 

52 

47(K) 

33 

100 

220 

100 

«;9 

5700 

U 

50 

750 

132 

44 

3.500 

34 

108 

173 

179 

86 

8100 

15 

.31 

450 

182 

(19 

0400 

35 

109 

210 

152 

72 

0700 

Hi 

<)2 

450 

109 

05 

4700 

30 

109 

151 

190 

96 

8500 

17 

r >2 

309 

184 

73 

6200 

37 

112 

148 

194 

98 

9700 

18 

08 

420 

148 

50 

4450 

38 

115 

1.50 

170 

88 

7.500 

19 

74 

270 

192 

88 

7800 

39 

118 

145 

191 

98 

9000 

20 

74 

350 

146 

fd 

1000 

40 

120 

18(1 

157 

75 

6000 


Woods .Separated into Quality Classes. (Kio. 31.) 



. Ak«. 

No. 

of 

Tnsrs. 

Basal 

Area. 

Mean 

Hriylit. 

' 

Voinmr. 



— 

- 

— 

49 

680 

154 

52 

4700 

62 

450 

169 

65 

4700 

70 

295 

173 

70 

5500 

79 

265 

177 

72 

6300 

94 

218 

177 

80 

7300 

97 

200 

176 

82 

6950 

too 

160 

177 

86 

7160 

1(18 

173 

179 

86 

8100 

115 

150 

JJI. 

176 

88 

!/■ 

7.500 

18 


61 

13 

1100 

29 

2400 

99 

25 

2050 

48 

860 

132 

40 

2900 

50 

750 

132 

44 

3600 

68 

420 

148 

56 

4460 

74 

3.50 

146 

61 

4000 

85 

290 

156 

62 

5030 

94 

240 

150 

67 

6000 

96 

248 

160 

69 

5300 

106 

220 

160 

69 

6700 

109 

210 

162 

72 

6700 

120 

186 

157 

76 

6000 
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tig. 3(t.- finiphic Ktjprcspnfation of the Tiiisal Ai’caR per Acre. 



Fig. 37.—Graphic Representation of the Heijht Growth. 
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Yield Table fob the Scotch Pine, 1. Qcality. 
Derived from the Curves in Figs. 34, 3r>, 36 and 37. 


—- 
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-- 
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Ini’kkmknt. 


Nutubcr 

<)(• 

Ttves. 


Wean 

Hfinhi 

Fcft. 

VulUlIM'. 
(liiblc Font, 
Solid. 




Oiisal Ai'ca. 
Sfiiiiirn Foot. 

Oiniint 

Mean 



Annual. 

AiinuHl. 






Oubic Ffct. 

Cubic Fuel. 

10 


30 

10 

000 

IM) 

00 

20 

200f) 

02 

23 

2100 

120 

105 

30 

1200 

133 

40 

3300 

120 

no 

40 

770 

160 

54 

4500 

120 

112 

r»o 

'>20 

175 

64 

5400 

00 

108 

«() 

3S0 

1S6 

73 

6250 

S5 

104 

70 

300 

100 

SO 

6050 

70 

09 

so 

250 

102 

K6 

7600 

65 

05 

i»0 

200 

103 

00 

8200 

60 

01 

100 

100 

104 

01 

S650 

45 

. 36 

no 

150 

104 

07 

OlOO 

45 

83 

120 

140 

104 

100 

3.-.C0 

40 

70 


11 ,—Determination of the Increment of Woods by Ideans 
of Yield Tables. 

If yield tables are available, and it is desired to estimate 
the increment of a wood forward or backward, it is necessary 
to decide in the first place which of the quality classes of the 
tables corresponds with that of the given wood; in other 
words, it must be ascertained to which quality class the wood 
belongs. 

The best way of doing this is, to measure the volume of 
a normal sample plot in the wood and compare it with the 
volumes given in the tables for the same age and the different 
quality classes. If it agrees with one of these volumes, the' 
two are of the same quality class, and the increment shown in 
the table applies also to the wood in question. 

If the volume of the wood does not agree with any of the 
volumes in the tables, then that quality class is selected which 
comes nearest to it, and the increment is ascertained in pro¬ 
portion to the two volumes. Let be the present volume of 
the wood, the nearest volume given in the table; V^+n the 
volume given in the same table for the year a + n; and 
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t!a!+„ the desired volume of the wood in the year a + n, then 
the following equation may be assumed to hold good (see 
Fig. 38):— 

'll 

F(i ’ — 1 «I II • ^« -I n and : ,t + » — 1 u h- « X ^ “ 

' It 

and 


I = Increment in >i years = r„ + „ — r„ = 


I = 




X (■„ 


This method rests upon the assumption that the selected 
yield table correctly represents the progressive increment of 



AOB. 

Fig. ;-i8. 

the wood of which the increment is to be ascertained. As 
this is only approximately the case, the degree of accuracy of 
the method depends— 

(a.) On the degree to which r„ approaches T'„, 

(b.) On the difference of ages, that is to say, the difference 
between a and a + n; the smaller this is, the more 
accurate will be the result. 

In following the above method, it is essential to measure the 
volume on a “ normal ” sample plot, because only then can 
the true quality class be ascertained by means of the volume. 
If no fully stocked sample plot is available, that nearest to it 
should be selected, and the proportion between the actual and 
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normal stocking ascertained. The actual volume must then 
be augmented in the same proportion, before it is used for the 
determination of the quality class and the selection of the 
yield table. At the same time, this procedure is subject to 
errors, as it is not always easy to determine correctly the 
proportion between the actual and normal stocking. 

Generally, the method is better adapted to woods which 
have passed middle age than to younger woods, as in the 
latter the factors of the locality have not in all cases found 
full expression. In the case of very young woods, it is alto¬ 
gether useless to measure the volume for the purpose of 
selecting the proper yield table. For such woods, the quality 
class must be determined by means of an older wood growing 
in the vicinity on a locality of similar quality; the same 
procedure is followed in the case of blanks. If no such older 
wood is available, the soil and climate must be examined and 
the best possible estimate of the quality made accordingly. 

As the measurement of the volume takes much time, and 
as it is difScnlt to estimate the exact proportion between the 
actual and normal stocking, it has been proposed to select the 
proper yield table for a wood by means of one factor of the 
volume. It has already been explained that of all such, 
as number of trees, diameter, form factors, basal area and 
height, the last is the most suitable. Indeed, actual investi¬ 
gation has proved that, in the case of all woods of middle age 
and upwards, the volume of two woods, other conditions being 
the same, is fairly proportionate to their mean heights. The 
mean height is, therefore, an excellent indication of the 
quality class; it, as well as the age, is comparatively easy to 
ascertain. In selecting the appropriate yield table, the mean 
height is used in the same way as has been described for the 
volume. If the height agrees with one of the heights given 
in the yield table for the same age, the increment can be 
read off directly. If it differs, the nearest is selected and the 
increment of the table modified in proportion to the difference 
between the actual height and that given in the table. Should, 
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moreover, the wood not be fully stocked, then the increment 
given in the- table must be further modified in the manner 
indicated above. 

The height by itself is no true indicator of the quality for 
very young woods; for such, as well as for blanks, other woods 
growing in the vicinity must be utilised, or the soil and climate 
examined. 


Emwfle .—A Scotch pine wood has a height of 53 feet when 60 years 
old, and a volume of 3,800 cubic feet; find the probable increment for 
the next ten years. 

Yiki.I) TafuiEh. 

(Hoc Appendix HI.) 


Quality. 

Hvinht 

Volnmi' in tin' 

Viilninfi in tlift 

at fM) Vrais. 

Yiiaf t>0. 

Year 70. 

I. 

73 



IT. 

52 

4,660 

5,070 

HI. 

30 

2.170 


The wood belongs to the 11. Quality. 

According to the formula— 

I'm -10 — (j.070 — 4,6li0) X ^ X = 341 cubic fcot 
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APPENDIX I. 

A. Area of circles for diameters ranging from 1 inch to 60 

inches. 

B. Sum of the areas of circles for diameters ranging from 

1 inch to 48 inches, 
and, 

Volume of cylinders for diameters ranging from 1 inch to 
48 inches and any length. 

Example: 

Find the area of 24 circles of 15 inches diameter. 

Square Feet. 

Area of 20 circles = 10 x 2'4544 = 24'544 
Area of 4 circles = 4‘9088 

Total = 29’4528 
or 


Find the volume of a log 24 feet long with a mean 
diameter of 15 inches. 


Volume of a log 20 feet long 
Volume of a log 4 feet long 


Cubie Feet. 

= 10 X 2’4544 = 24’544 
= 4’9088 


Total = 29-4528 
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A. AEEA of ClKClBS FOB DiAMKTSBS 


Diani. 

ill 

iiicheH 

Area of 
circle in 
8()uam ft. 

Diam. 

in 

iiichcH 

Aron of 
circle in 
squiu'c ft. 

Biain. 

Ill 

inchea 

Area of 
circle in 
B«{uare ft. 

Diaii). 

in 

Indies 

Area of 
circle ill 
square ft. 

Diam. 

in 

inches 

Area of 
oiiclein 
square ft. 

10 

0-0065 

20 

0-0218 

3-0 

0-0491 

40 

U-0873 

60 

0-1S64 

] 

•0007 

1 

•0240 

1 

•0624 

1 

•0017 

1 

•1418 

2 

■0079 

2 

•0264 

2 

•0669 

2 

•0963 

2 

■1474 

3 

•0002 

3 

•0280 

3 

•0594 

3 

•1000 

3 

•1632 

4 

•0107 

4 

•0314 

4 

■0631 

4 

•1056 

4 

•1590 

5 

•0123 

5 


5 

•0669 

5 


B 

■U#| 

G 

•OHO 

6 

•0369 

0 

■0707 

G 

•1164 

B 


7 

■0108 

7 


7 

•0747 

B 


7 

•1772 

8 

■0177 

8 

•0428 

S 

•0788 

B 

•1257 

8 

•1835 

ft 

•0197 

0 

•0450 

0 

*0830 

i 

•1310 

9 

•1800 

no 

O'Otioo 

B 

0-7864 

130 

0-9218 

14-0 

1-OCOO 

160 

1-2272 

1 

•6721 

1 

•7986 

1 

•03GO 

1 

1-0843 

1 

1-2437 

2 

•6842 

2 

•8118 

2 

•0504 

2 

1-0097 

2 

1-2602 

3 

•(1065 

3 

•8252 

3 

•0G48 

3 

1-1153 

3 

1-2768 



4 

•8387 

4 

•9794 

4 

M3O0 

4 

1-2936 



5 

•8523 

rj 

■0041 

5 

11467 

5 

1-3104 



G 

•8GG() 

0 

1-0089 

6 

1-1636 

6 

1-3274 

7 

■71(17 

7 

•8798 

7 

1-0237 

7 

M785 

7 

1-3444 

8 

•7505 

8 

•8037 

8 

1-0387 

8 

1-1916 

8 

1-3616 

ft 

•7724 

9 

■9077 

0 

1-0638 

0 

1*2108 

ft 

1-3789 

210 

2-4053 

220 

2G308 

230 

2-8862 

240 

31416 

26-0 

3-4088 

3 

2-4283 

1 

2-6638 

1 

2-9103 

1 

3-1679 

1 

3-4361 

2 

2-4314 

2 

2-6880 

2 

2-035fi 

2 

3-1942 

2 

3-4636 

3 

2-4746 

3 

2-7122 

3 

2-9G10 

3 

3-2207 

3 

3-4911 

4 

2-4978 

4 

2-7366 

4 

2-9861 

4 

3-2471 

4 

3-5188 

5 

2-6212 

5 

2-7611 

5 

3-01-20 

6 

3-2748 

5 

3-6466 

6 

2-6147 

G 

2-7867 

6 

3-0377 

6 

3-3006 

6 

3-5744 

7 

2-6684 

7 

2-8101 

7 

3-0635 

7 

3-3275 

7 

3-6024 

8 

2-6021 

8 

2-8362 

8 

3-0894 

8 

3-3546 

8 

3-6305 

9 

2-6169 

9 

2-8602 

9 

3-1164 

9 

3-3816 

9 

3-6587 

40 

8-7260 

41 

9-1684 

42 

9-6211 

43 

10-0847 

44 

10-6592 

00 

80 

13-6354 

19-6360 

61 

14-1863 

52 

14-7480 

63 

16-3207 

64 

16-9043 


The ciroleg of full inches were calculated with logarithms 
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OP 1 Inch to 60 iNoais. 


Dial)). 

In 

inchas 

Area of 
circle in 
quare ft. i 

)iain. 

in 

uchos 

Area of ] 
circle in 
iquaro ft. i 

[)iain. 

in 

nchea a 

Area of 
circle m 
quare ft. t 

[)iam. 

in 

nchea 

Area of 
circle in 
(juare ft. i 

Oiaiu. 

in 

ncliea 

Area ot 
circle in 
quare ft. 

60 

01963 

70 

0 2(173 

80 

0*3491 

90 

0-4118 

100 

0*5454 

1 

•2029 

1 

*2750 

] 

•3579 

1 

•1517 


■5564 

2 

■2096 

2 

■2828 

2 

•3668 

2 

•4617 

2 

•5675 

3 

•2164 

3 

•2907 

3 

•3758 

3 

•1718 

3 

•5787 

4 

■2234 

4 

•2987 

4 

*3849 

4 

•4820 

4 

•6900 

5 

•2304 

5 

•3058 

5 

•3941 

5 

•4923 

5 

•6014 

G 

•2376 

G 

•3151 

(> 

•4034 

G 

•5027 

(> 

•6129 

7 

•2448 

7 

•3234 

7 

•4129 

7 

■5132 

7 

■6245 

8 

•2.“)22 

8 

*3319 

8 

•1224 

8 

•5238 

8 

•6362 

9 

•2597 

9 

•3401 

9 

*1321 

9 

•5345 

9 

•6181 

160 

1-3963 

17-0 

1-5763 

180 

1-7671 

190 

1*9689 

200 

2-1817 

1 

1-1138 

1 

1-5949 

1 

1-7868 

1 

1*9897 

1 

2-2036 

2 

11314 

2 

i*(ii3(i 

2 

1*8066 

4> 

2-0106 

2 

2*2256 

3 

1-4192 

3 

1-6324 

3 

1-8265 

3 

2-031G 

3 

2*2477 

4 

Mi;70 

4 

1-6513 

1 

1-8165 

4 

2-0527 

4 

2*2699 

5 

1-4.^49 

5 

1-67(13 

5 

1*8666 

5 

2*0739 

5 

2-2922 

6 

i*r>030 

(1 

1-6894 

6 

1-8869 

6 

2-0952 

6 

2*3116 

7 

1*5212 

7 

1-7087 

7 

1-9072 

7 

2-1167 

7 

2-3371 

8 

1-5391 

8 

1-7280 

8 

1-9277 

8 

2-1382 

8 

2-3597 

9 

1-5578 

9 

1-7175 

9 

1-9482 

9 

2*1599 

9 

2-3825 

260 

3-(J870 

27-0 

3-9761 

28-0 

4-2761 

20-0 

4-58G9 

30 

4-9087 

1 

3-7151 

1 

4*005(i 

1 

4-3()ll7 

1 

4*6186 

31 

5-2111 

2 

3-7139 

2 

4-0353 

2 

4-3374 

2 

4-6501 

32 

5-5851 

3 

3-7725 

3 

4*0650 

3 

4*3682 

3 

1-6823 

33 

5-9396 

4 

3*8013 

4 

1-0918 

4 

1*3991 

4 

4-7113 

34 

6*3050 

5 

3-8301 

5 

4-1218 

5 

4-4301 

5 

4-7161 

35 

6-6813 

0 

3-8591 

6 

4-1548 

6 

4-4612 

6 

4-7787 

36 

7-0586 

7 

3-8882 

' 7 

4-1850 

7 

4-1925 

7 

4-8110 

37 

7-1667 

8 

3-9171 

8 

4*2152 

8 

1-5238 

8 

1-8135 

38 

7-8758 

9 

3-9467 

9 

4*2456 

9 

4-5553 

9 

4*8760 

39 

8-2958 

4S 

11-0447 

16 

11-5110 

47 

12-0182 

18 

12-5664 

49 

13-0954 

66 

16-4988 

56 

17-1012 

57 

17-7206 

58 

18-3178 

59 

18*9859 


of 7 places; the intermediate values were found by interpolation. 
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1 IKOH TO 48 Inches, and of the Voldmes op Cylindeks. 


Number of 

DiAUETKR IK iNOHKa. 

Jjenjrt-h of 
Cylinder. 

9 

10 

11 

12 

13 

14 

IS 

16 

1 

0-4418 

0-6454 

0*6600 

0-7854 

0*9318 

1*0690 

1-3272 

1*3963 

2 

0-883(! 

1-0908 

1-3200 

1*5708 

1*8436 

2*1380 

2-4544 

2-7936 

3 

• 1-3254 

1-8382 

1*9800 

2*35(12 

2*7654 

3*2070 

3-0816 

4-1889 

4 

1-7872 

2-1S16 

2-6400 

3-1416 

3*6873 

4*2760 

4-9088 

5*5852 

6 

2*2090 

2-7270 

3*3000 

3*9270 

4*6090 

5-3450 

6*1360 

6*9815 

6 

2*6508 

3-2724 

3-9600 

4*7124 

5*5308 

6-4140 

7*3632 

8*3778 

7 

;j*0926 

3*ai7.S 

4*6200 

5-4978 

6-4626 

7*4830 

8-5904 

9-7741 

8 

3-5:!44 

4-3832 

5*2800 

6*2833 

7-3744 

8*5520 

9-8176 

11-1704 

9 

3*9762 

4*9086 

5*9400 

7*0686 

8*2963 

9*6210 

11-0448 

12*5667 


25 

26 

27 

28 

29 

so 

31 

32 

1 

.3-4088 

3*6870 

3-9761 

4*2761 

4*5869 

4*9087 

5*2414 

5-5851 

2 

8-8178 

7-3740 

7*9522 

8-6522 

9-1738 

9-8174 

10-4828 

11-1702 

3 

10-3284 

11-0610 

11*9283 

13*8283 

13*7607 

14-7361 

15-7242 

16*7553 

4 

13*6352 

14-7480 

-16-9044 

17-1014 

18-3476 

19-0348 

20*9656 

22-3404 

6 

17-0440 

18-4350 

19*8805 

21*3805 

22-9346 

24*5435 

26-2070 

27-9255 

(> 

20-4528 

22*1220 

23-8666 

25'6566 

27-5214 

29-4522 

31-4484 

33-6106 

7 

23-8818 

25-8090 

27-8327 

29*9327 

32-1083 

31*3609 

36*6898 

39*0957 

8 

27-2704 

29-4960 

31-8088 

34-2088 

36-0962 

39-2696 

41-9313 

44-6808 

9 

30-6792 

33-1830 

35*7849 

38-4849 

41-2821 

44*1783 

47-1726 

50-2659 


41 

42 

43 

44 

46 

46 

47 

48 

1 

9-1634 

9*6211 

10-0847 

10-5593 

11*0447 

11-5410 

12-0482 

12-5604 

2 

18-3368 

19-2422 

20*1694 

21-1184 

22-0894 

23*0820 

24*0964 

25-1328 

3 

27*5052 

28-8633 

30-2641 

31-6776 

33-1341 

34-6230 

36-1446 

37-6992 

4 

36-6736 

38-4844 

40-3388 

42-2368 

44-1788 

46*1640 

48*1928 

50-2656 

5 

45-8420 

48*1055 

60-4235 

52-7960 

55-2235 


60-2410 


6 

65-0104 

57*7206 

60-5082 

63-3552 

66-2682 


72-2892 

75-3984 

7 

64-1788 

07-3477 

70-5929 

73-9144 

77-3129 


84-3374 

87-9648 

8 

73-3472 

76-9688 

80*6776 

84-4736 

88*3576 


96*3856 


9 

82-6156 

86-5899 

90-7623 

96-0328 

99-4P23 


108-4338 

113-0976 


P.M. 2 
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APPENDIX 11. 

—*— 


TABLES OP COMPOUND INTEREST. 


A. Amount to which a capital accumulates with compound 
interest in n years:— 

C„ = C„ X 1-Op”. 

Let C„ = £50; M = 30 years; p = 2J per cent.; then Cjq = 
50 X 2-0976 = £104-88. 

If « = 32 years, then Cj. = C„ X 1-025“ x 1-025^ = 104-88 
X 1-0506 = £110-19.” 


B. Present value of a capital to lie realised after « years:— 

r _ 

L. - 

Let 6'„ = £80; » = 40 years; p = 2J per cent.; then C„ = 
80 X -3724 = £29-79. 

C. Present value of a perpetual rental, B, duo every n years 

C - 

- ivo^H _ 1- 

Let B = £100; » = 50 years; p = 2| per cent.; then = 
100 X -4103 = £41-03. 


D. Present value of a rental, r, duo at the end of every year, 
altogether n times;— 


r r {l-0p'' -l) 
" 1-Op" X "Op ■ 


/ 


Lot r = £10; w = 30 years ; p = ^ per cent.; then C„ = 
10 X 20-9303 = £209-303. 

If the rentals refer to the past n yearl, the amounts in this 
Table must be multiplied by the corresponding values 
of 1-Op", to bo taken from Table A, so as to comply with 
the formula— 

r (1-Op" - 1) 

“ -Op 

In the above example— 

C, = 209-303 X 1-025“ = £439; 



10 (1-025“ - 1) 
•025 


10 X 1-0976 
•025 


= £439. 
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A. Amount to which a Capital op 1 accumulates with 
Compound Interest in n Years ; Cn = Co x l Opn. 


No. of 

Per Cent. 

Years ' 







- i 

B 0. 

2. 

2*5. 

3. 

8*.'). 

4. 

4*5. 

5. 

1 

1-0200 

1*02.50 

1*0300 

1-03.50 

1*0400 

1-0450 

1*0.500 

2 

1 0404 

1*0.506 

1-0609 

1-0712 

1-0816 

1*0920 

1-1025 

% 

1'0612 

1*0769 

1*0927 

1-1087 

1-1249 

1*1412 

1-1376 

4 

1'0824 

1*1038 

1-1255 

1-1475 

1*1699 

1*1925 

1*2155 

6 

1-1041 

1-1314 

1-1593 

1-1877 

1-2167 

1-2162 

1-2763 

r> 

1-1262 

1-4597 

1-1941 

1*2293 

1-2653 

1-3023 

1-3401 

7 

1-1487 

1*1887 

1*2299 

1*2723 

1*3159 

1-3609 

1*4071 

8 

1-1717 

1-2484 

1-2668 

1*3168 

1-3686 

1*4221 

1-4775 

9 

1-1951 

1*2489 

1-3018 

1*3629 

1-4233 

1-4861 

1*5513 

19 

1-2190 

1*2801 

1*3439 

1*4106 

1*4802 

1*5530 

1-6289 

15 

1-3469 

1-4483 

1 *.5.580 

1-6753 

1*8009 

1-9353 

2-0789 

20 

1*4869 

1-6386 

1-8061 

1-9898 

2*1911 

2-1117 

2-6333 

25 

1-6406 

1*85;19 

2-0038 

2-3632 

2*6658 

3-0054 

3-3864 

30 

1-8114 

2-0976 

2-4273 

2-8008 

3-2434 

3-7453 

4-3219 

35 

1*9999 

2-3732 

2*8139 

3*3336 

3*9461 

4-0673 

6-5160 

40 

2*2080 

2*68.51 

3*2620 

3-9593 

4-8010 

5-8164 

7-0100 

45 

2-4379 

3-0379 

3-7816 

4-7024 

5*8412 

7-2482 

8-9850 

50 

2-6910 

3-4371 

4*3839 

5-5849 

7-1067 

9*0326 

11*4674 

65 

2*9717 

3-8888 

.5-0821 

6-0331 

8*6464 

11*2563 

11-6356 

60 

3-2810 

4-3998 

5-8016 

7-8781 

10-5190 

14-0274 

18-6702 

05 

3*622.> 

4-9780 

G-8300 

9-3567 

12*7987 

17*4807 

23*8399 

70 

3-9996 

6-6321 

7-9178 

11-1128 

15-5716 

21-7841 

30-4264 

75 

4-4158 

6-3722 

9-1789 

13*1985 

18-0452 

27-1470 

38-8327 

80 

4-8754 

7-2096 

10-6409 

15*6757 

23*0498 

33-8301 

49.5614 

85 

6-3829 

8-1570 

12-3357 

18-6179 

28*0436 

42-1585 

63-2.544 

90 

6-9431 

9*2289 

14-3003 

22-1122 

34-1193 

52-5371 

80-7304 

95 

6-5617 

10-4416 

16-5782 

26-2623 

41-5114 

63-4708 

103-0347 

100 

7-2446 

11-8137 

19-2186 

31-1914 

60-3049 

81-588.) 

131-6013 

110 

8-8812 

16-1224 

25-8282 

43-9986 

74-7597 

126-7045 

214-20ir 

120 

10-7652 

19-3581 

34-7110 

62-0643 

110-6626 

196-7682 

348-9120 

130 

13-1227 

24-780 

46-6486 

87-6474 

163-8076 

305*675( 

668-3409 

140 

15-9965 

31-720f 

62-691S 

123-4944 

242-4753 

474-348( 

925-7674 

150 

19-4994 

40-605 

84-252' 

174-201' 

358*9221 

736-'J39 

1607-9775 

200 

52-4844 

139-563 

369-3664 

972-903' 

2560-74'Jf 

} 66.'>6-686 

17292-6808 


z 2 
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APPENDIX II, 


B. Pbeseht Value op a Capital op 1, to be Realised aptbe 


fl Yeaks; Co = ■ 

lOpa 


No. Of 

Pbr Cent. 

» 0. 

2. 

2'5. 

8. 

3-5. 

4. 

4-6. 

S. 

1 

0-9804 

0-9766 

0*9707 

()-9662 

0-9615 

0-9669 

0-9524 

2 

■9612 

■9518 

■9426 

•9335 

■9246 

■9157 

■9070 

3 

■9423 

■9286 

■9151 

■9019 

‘8890 

■8763 

■8638 * 

4 

•9238 

•9060 

■8885 

■8714 

•8548 

•8386 

■8227 

5 

•9057 

■8839 

■8626 

•8420 

■8219 

•8025 

■7835 

6 

■8880 

■8623 

■8375 

■8135 

■7im3 

■7679 

■7462 

7 

■8706 

■8413 

■8131 

■7860 

•7599 

■7348 

■7107 

8 

•8535 

■8207 

•7894 

■7.594 

■7307 

■7032 

■6768 

9 

•8368 

■8007 

■7664 

■7337 

•7026 

■6729 

■6446 

10 

■8203 

■7812 

•7141 

■7089 

■6756 

■6439 

■6139 

15 

■7430 

■6905 

•6419 

•5969 

*5553 

■5167 

•4810 

20 

■0730 

■6103 

'5537 

■5026 

■4564 

■4146 

•3769 

25 

■6095 

■5394 

■4776 

■4231 

■3751 

■3327 

•2953 

30 

■5521 

■4767 

■4120 

■3563 

■3083 

■2670 

•2314 

35 

■5000 

•4214 

•3554 

■3000 

■2,534 

•2143 

•1813 

40 

•4529 

■3724 

■3066 

•2526 

■2083 

■1719 

■1420 

45 

•4102 

■3292 

■2644 

■2127 

■1712 

'1380 

■1113 

50 

•3715 

■2909 

■2281 

•1791 

•1407 

■1107 

■0872 

55 

■3365 

■2572 

■1968 

•1508 

■11.57 

•0888 

■0683 

60 

■3048 

■2273 

■1697 

■1269 

■0951 

■0713 

■0535 

65 

•2760 

■2009 

■1464 

•l{Mi9 

•0781 

■0572 

•0419 

70 

■2500 

■1776 

■4263 

■0900 

■0642 

■0459 

■0329 

75 

•2265 

■1669 

■1089 

■07.58 

■0528 

■0368 

■0257 

80 

■2051 

■1387 

■0910 

•0638 

■0434 

■0296 

•0202 

85 

■1858 

■1226 

■0811 

■0537 

■0357 

■0237 

■0168 

90 

■1683 

■1084 

■0699 

■0452 

■0293 

•0190 

■0124 

95 

■1524 

•0958 

■0603 

■0381 

■0241 

■0153 

■0097 

100 

■1380 

■08465 

■05203 

■03206 

■01980 

■01226 

■00761 

110 

■1132 

•06613 

•03872 

■02273 

■01338 

■00789 

■00467 

120 

■09289 

■05166 

■02881 

■01611 

■00904 

■00508 

•00287 

130 

■07620 

■04036 

■02144 

■01142 

■00611 

■00327 

■00176 

140 

■06251 

■03163 

■01595 

■00810 

■00412 

•00211 

■00101 ■ 

150 

■05128 

■02463 

■01187 

■00574 

■00279 

■00136 

■00006 

200 

■01905 

■007166 

■002707 

■001028 

•000392 

•000150 

■0000578 
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0.—Pbbsent Value op a Pbbpbtual Rental op 1, due evebt a Yeabs: 



I’BR Cent. 

ofYearfl 

d. 

2. 

2-5. 

3. 

8-5. 

4. 

4-5. 

6. 

1 

oo-oooo 

40-0000 

33*3333 

28-5714 

25‘(MKK) 

22-2222 

20-0000 

2 

24-7525 

19-7531 

16-4204 

14-0400 

12-2549 

10-8600 

9-7501 

3 

10-3377 

13-0()54 

10*7843 

9-1981 

K’0087 

7-0839 

0-3442 

4 

12-1312 

90327 

7-9070 

0-7780 

5-8873 

5-1943 

4-0102 

6 

9-C079 

7-0099 

0-2785 

5-3280 

4-0157 

4-0020 

3-0195 

6 

7-9203 

0-2020 

5-1532 

4-3020 

3-7090 

3-3084 

2-941)3 

7 

0-7256 

5-2998 

4-3502 

3-0727 

3-1052 

2*7711 

2-4504 

8 

5’8255 

4-5787 

3-7465 

3-1565 

2-7132 

2-3091 

2-09U 

9 

5-1258 

4-0183 

3-2811 

2-7550 

2-3023 

2-0572 

1-8138 

10 

4-5003 

3-5703 

2-9077 

2-4365 

2-0823 

1-8084 

1-5901 

15 

2-8913 

2-2307 

1-7922 

1-4807 

1-2185 

1-0092 

0-9208 

20 

2-0578 

1-5059 

1-2105 

1-0103 

0-8395 

0-7084 

•0049 

25 

1-5010 

1-1710 

0-9143 

0-7335 

•0(Mm 

•4980 

•4190 

30 

1-2325 

o-iun 

-7000 

-5535 

•4458 

-3043 

•3010 

35 

l-(HH)] 

•7282 

•5513 

•4285 

■3394 

•2727 

•2214 

40 

0-8278 

■5934 

-4421 

-3379 

•2031 

•2076 

-1056 

45. 

‘01155 

•4907 

•3595 

•2701 

■2000 

■1000 

•1252 

50 

•5912 

-4103 

•2955 

•2181 

•1638 

*1245 

•0955 

55 

-5072 

■3402 

-2450 

•1775 

•1308 

•0975 

•0733 

CO 

-4384 

•2941 

•2044 

-1464 

•1050 

•0768 

•0560 

05 

■3813 

■2514 

-1715 

•1197 

•0848 

•0607 

•0138 

70 

-3334 

■2159 

•1440 

•0989 

•0080 

•0481 

-0340 

76 

•2928 

-1801 

-1223 

*0820 

•0567 

•0382 

•0204 

80 

'2580 

-1610 

-1037 

•0081 

•0453 

•0305 

•0200 

85 

•2282 

-1397 

-0882 

•0508 

•0370 

•0243 

•0101 

90 

•2023 

•1215 

•0752 

-0474 

•0302 

•0194 

•0125 

95 

-1798 

-1069 

•0042 

■0390 

•0247 

•0156 

-0098 

100 

-1601 

-0925 

-0649 

-0331 

•0202 

•0124 

•0077 

no 

•1277 

-07081 

-04028 

-02320 

•01350 

•00790 

•00409 

120 

-1024 

-05447 

-02960 

•01038 

•00912 

•00.511 

•002874 

130 

■n 

-04205 

-02191 

-01156 

•006142 



140 


*03255 

•01021 


WjMI 



150 

BR 

•02525 

-01201 



1 -001357 


200 

102 



•001029 
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APPENDIX II, 


D.—I’EESENT Value oe a Kehtal op 1, due at the Ekd op eveet 


Vkab, ALTOGETHEE ji times i Oo = 

l'Op”X'Op 


Numljer 




Per Crkt. 



of Years 
= a. 

z. 

2-6. 

3 . 

3-5. 

4 . 

4-5. 

6. 

1 

0-9804 

0-9766 

0-9709 

0-96G2 

0-9G15 

0-9669 

0-9524 

2 

1-911(1 

1-9274 

1-9136 

1-8997 

1-8861 

1-8727 

1-8694 

» 

2'88,'i9 

2-85G0 

2-8280 

2-80IC 

2-7761 

2*7490 

2-7232 

4 

3-8077 

3-7620 

3-7171 

3-6731 

3-6299 

3-6876 

3-6459 

5 

4-7136 

4-6438 

4-6797 

4'5] 50 

4-4618 

4-3900 

4-3296 

r> 

5-(UHl 

6-6081 

5-4172 

6-:4285 

6-2421 

5-1679 

5-0767 

7 

6-4720 

6-3494 

G-23))3 

6-1145 

6-0020 

6-8927 

5-7864 

8 

7-H256 

7-1701 

7-0197 

6-8740 

6-7327 

G-6959 

6-4632 

9 

8-1622 

7-9709 

7-7861 

7-G077 

7-4363 

7-2688 

7-1078 

10 

8-9826 

8-7621 

8-6302 

8-3166 

8-1109 

7-9127 

7-7217 

].-) 

12-8493 

12-3814 

U-9:J79 

11-6174 

11-1184 

10-7396 

10-3797 

20 

1G-:1614 

16-6892 

14-8775 

14-2124 

13-6903 

13-WI79 

12-4022 

26 

19-62:46 

18-4244 

17-4131 

lG-4815 

16-G221 

14-8282 

14-0939 

30 

22-3966 

20-930:4 

19 mA 

18-3920 

17-2920 

1G*2889 

16:t725 

3.-) 

24-9986 

23-1462 

21-4872 

20-0007 

18-6646 

17-4610 

lG-3712 

*10 

27-;jr»56 

26-l(»28 

23-1148 

21-;i561 

19-7928 

18-4016 

17-1.591 

4.-) 

29-4902 

2G-8:430 

24-:)]87 

22-4955 

20-7200 

19-16G:1 

17-7741 

50 

31-4236 

28-3(;23 

25-7298 

2;t-455G 

21-4822 

19-7620 

18-2559 

65 

33-1748 

29-7140 

26-7744 

24-2641 

22-1086 

20-2480 

18-6336 

GO 

34-7609 

30-9087 

27-G76G 

24-9447 

22-6236 

20-6380 

18-9293 

G5 

3G-1976 

31-9646 

28-4529 

25-6178 

23-0467 

20-9610 

19-1611 

70 

37-4986 

32-8979 

29-1234 

26-0004 

23-3946 

21-2021 

19-3427 

76 

38-6771 

33-7227 

29-7018 

26-4067 

23-6804 

21-4036 

19-4850 

So 

39-7446 

34-4618 

:i0-2008 

2G-7488 

23-9164 

21*6653 

19-6965 

86 

40-7113 

35-09G2 

30-6312 

27-0368 

24-1086 

21-6961 

19-6838 

90 

41-6869 

35-6658 

31-0024 

27-2793 

24-2673 

21-7992 

19-7523 

96 

42-3800 

36-1692 

31-3227 

27-483.5 

24-:i978 

21-8828 

19-8059 

100 

43-0984 

36-6141 

31-.-)989 

27-6664 

24-6060 

21-9499 

19-8479 

no 

44-3382 

37-3549 

-32-0428 

27-9221 

24-6656 

22-0468 

19-9066 

120 

46-3664 

37-9337 

32-3780 

28-1111 

24-7741 

22-1093 

19-9427 

130 

46-1898 

38-3868 

32-6188 

28-2451 

24-8474 

22-1495 

19-9648 

140 

46-8743 

38-7390 

32-8016 

28-3401 

24-8969 

22-1754 

19-9784 

160 

47-4368 

39-0149 

32-9377 

28-4074 

24-9303 

22-1921 

19-9887 

200 

49-0473 

39-7134 

82-2431 

28-5421 

24-9902 

22-2189 

19-9988- 
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APPENDIX III. 


YIELD TABLES 
von 

1. High forest of Oak, compiled by Wimmonauer, chiefly for low 

lands, with 6 diagrams. 

2. High forest of Beech, compiled by Schwappach, for Prussia. 

3. High forest of Scotch Pine, compiled by Schwappach, for North 

Germany. 

4. High forest of Spruce, compiled by Schwappach, for Germany. 

5. High forest of Silver Pir, compiled by von Lorey, for 

Wurttemberg. 

6. High forest of Larch, preliminary table used in Saxony. 

7. High forest of Alder, preliminary table used in Saxony. 

8. Higli forest of Birch, preliminary table used in Saxony. 

9. Coppice forest of Alder, Poplar and Willow, table used in 

Saxony. 

10. Coppice forest of Oak, Beecb, Ash and Birch, table used in 

Saxony. 

Yield tables 1, 2, 3, 4 and 5 have been prepared as explained on 
pages 92 to 104. All the yield tables are tor one acre of normal, or 
fully stocked, wood in solid cubic loot. The data in tables 6, 7, 8, 
9, and 10 refer to all wood above ground, that is to say, exclusive 
of roots and stools. 

To convert solid cubic feet into cubic feet according to quarter- 
girth measurement, take three-fourths of the volume given as 
“ Timber over 3 inches diameter at the small end,” or two- 
thirds of the volume given under “Timber and Fuel.” These 
reductions are sufficiently accurate for all practical purposes. 

I. Quality means the best which can reasonably be expected 
on good fertile land. 

II. Quality means an average quality. 

III. Quality means the lowest quality of locality on which the 
species can reasonably be grown. It differs very con¬ 
siderably according to species. 
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APPENDIX III, 


Yield Table fob High Forest op OAK, 




Major Part of Wood. 


Minor Part of Wood, or Intermediate 
Yields. 

Solid Cubic Feet. 

Ago. 


Mean. 

Volume. 

Solid Cubic Feet. 

Periodic Yields. 

Summary of 
Yields. 

Years. 

NiimlxT. 

Baxal 

Ar*‘a 

S(j. FL 

Wain. 

liud»‘.s 

Height 

Feet. 

Timber 
over 
»111. 

(liatn. at 
Kiiiall 

Olid. 

Tiiiilier 

and 

Fuel. 

Timber 

over 

U ni 
liiim. ill 
small 
eml. 

Tinil>er 

and 

l''uel. 

Timber 

over 

3 in. 
diain. at 
small 
end. 

Siimnmr 

of 

col. h. 

Timber 

and 

Fuel 

Summary 

of 

col. {. 

a 

It 

c 

ii 

e 

/ 

s 

h 


/ 

h 

10 


40 

V 

12 


400 





20 

1,920 

70 

2-4 

30 

560 

1.430 





30 

870 

80 

4-3 

46 

1,700 

2,430 

100 

430 

100 

430 

40 

510 

103 

6-1 

60 

2,930 

3,570 

290 

490 

390 

920 

BO 

320 

115 

8-2 

71 

4,000 

4,640 

390 

510 

780 

1,430 

60 

23C 

125 

9-9 

79 

4,960 

6,670 

440 

540 

1,220 

1,970 

70 

187 

133 

11-4 

86 

.6,790 

6,430 

470 

640 

1,690 

2,610 

80 

1.67 

140 

12-8 

92 

6,530 

7,220 

490 

570 

2,180 

3,080 

90 

133 

14.6 

14-2 

97 

7,220 

7,890 

500 

570 

2,680 

3,660 

100 

114 

149 

15-6 

101 

7,800 

8,540 

500 

640 

3,180 

4,190 

no 

98 

153 

16*9 

105 

8,320 

9,1.60 

490 

540 

3,670 

4,730 

120 

8.) 

167 

18-4 

108 

8,790 

9,660 

490 

630 

4,160 

6,260 

ISO 

76 

160 

19-6 

111 

9,220 

10,130 

460 

610 

4,020 

5,770 

140 

68 

163 

21- 

113 

9,620 

10,680 

460 

500 

6,080 

6,270 

160 

61 

166 

22-3 

116 

10,010 

11,000 

440 

490 

6,620 

6,760 

160 

66 

168 

23-6 

117 

10,390 

11,420 

430 

470 

.6,960 

7,230 
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I._ OB Best, Qualitt of Locality. 


Fioal Yield. 

Solid Cubic Feet. 

Form Factors 


Total Yield. 

8oli«l Cubic Feet. 

Timber. 

Timlwr 

and 

Fuel. 

Timber 



Tlmlw only. 


Timber and Fuel. 



in the 

TimlxT 


— 

— . - - 

- - 






i-uuiid i 
lown to 

cconlms 
to ' 

'imlier 







Sum of 
oolumn» 
/and 

A. 

Sum of 
coluuniK 
y ami 
i. 

Bin. 

diam. 

at 

small 

end. 

4juart4*r- 

Kirth 

ineasme- 

meut. 

and 

Fuel. 

Volume. 
Sum of 
■olumiih 
/and 

J- 

‘.iurrent 
Annual i 
luere- 
meiii. 

Mean 

^uniial 

Incre. 

IIH'Ut. 

’olnme. 
Hum of 
‘olumiiH 
y and 
k. 

Unrrent 
Annual ^ 
Inrn'* 
meut. 

Mean 

nunal 

incre¬ 

ment. 

1 

m 

n 

0 

]> 

1 

r 


t 

u 

r 


400 



•83 




400 

40 

40 

560 

1,430 

■27 

•20 

•(*>8 

560 

56 

28 

1,430 

103 

71 

1,800 

2,860 

•41 

-.'ll 

•59 

1,800 

124 

60 

2,860 

143 

95 

3,220 

4,or,o 

•48 

-.3(1 

•38 

3,320 

152 

83 

4,490 

163 

112 

4,.390 

5,1.50 

•49 

•37 

*57 

4,780 

146 

96 

6,070 

158 

121 

1 ! 

0,110 

•r>o 

•37 

•6(1 

6,180 

140 

103 

7,540 

147 

126 

6,260 

6,970 

-51 

•38 

•56 

7,480 

J30 

107 

8,940 

140 

128 

7,020 

7,700 

*61 

•38 

•6(1 

8,710 

123 

109 

10,300 

1.36 

129 

7,720 

8,460 

•51 

•38 

•56 

9,900 

119 

110 

11,.540 

124 

128 

8,300 

9,080 

•62 

•39 

•57 

10,980 

108 

no 

12,730 

119 

127 

8,810 

9,690 

•52 

•39 

•57 

n,990 

101 

109 

13,880 

115 

126 

9,280 

10,190 

•52 

•39 

•57 

12,9.50 

96 

108 

14,920 

104 

124 

9,680 

10,640 

•62 

•39 

•67 

13,840 

89 

106 

15,900 

98 

122 

10,080 

11,080 

•52 

•39 

•57 

14,700 

86 

105 

16,860 

96 

120 

10,450 

11,490 

•52 

•39 

•68 

15,530 

83 

104 

17,760 

91 

118 

10,820 

11,890 

■53 

•40 

•58 

16,340 

81 

102 

18,650 

89 

117 
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Yield Table fob High Fobbst of OAK, 


Mi^lor Part of Woo«l. 

Stems. 

Mean. 

Volume. 

Solid Cubic Feet. 

Number. 

Ibisal 

An;a. 

S(j. Ft. 

Oiatti. 

IncboN. 

Height. 

Timber 
over 
Sill, 
diniii. at 
hllluU 
end. 

Timber 

and 

Fuel. 

b 

c 

d 

e 

/ 

s 


30 

■7 

10 


330 

3,r.90 

57 

1-7 

21 

100 

960 


7.“) 

3* 

32 

760 

1,590 

820 

91 

4-5 

43 

1,630 

2,310 

510 

103 

6-1 

52 

2,520 

3,160 

370 

112 

7-4 

60 

3,260 

3,890 

280 

120 

8-9 

67 

3,940 

4,570 

230 

127 

101 

72 

4,600 

5,230 

190 

134 

11-4 

77 

5,200 

5,840 

160 

139 

12'5 

81 

5,770 

6,430 

140 

144 

13-7 

85 

6,290 

6,960 

120 

148 

15-0 

89 

6,750 

7,450 

103 

151 

16-2 

92 

7,170 

7,900 

93 

164 

17-4 

95 

7,570 

8,330 

86 

156 

18-4 

98 

7,960 

8,750 

77 

158 

19-4 

100 

8,320 

9,150 


Minor I’nrt of Wowl, or Intermediate 
Yields. 

Solid Cubic Feet. 


end. 


Summary of 
Yields. 

Timl)Pr 

over 

3 in. 

diHiii. at 
amall 
end. 

Timber 

and 

Fuel. 

Summary 

of 

ciii. A. 

Summary 

of 

eol. i. 

j 

k 


300 

90 

6.30 

290 

990 

560 

1,380 

870 

1,780 

1,190 

2,190 

1,530 

2,600 

1,880 

3,010 

2.240 

.3,420 

2,600 

,3,830 

2,960 

4,230 

3,310 

4,620 

3,640 

4,990 

3,950 

6,350 
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H.j OB Avbbage, Quality of Locality. 


Final Yield. 

Form Factors. 




Total Yield. 



Solid Cubic Feet. 



Solid Cubic Feet 



Timber. 

Timber 

and 

Fuel. 

Tiinl>er 
in tin* 
round i 
own to 

3 in. 
dium. 
ul 

suiall 

end. 

Tinilier 
ccNirtling 
to 1 

ijuartiT- 

Rirtli 

ni(*a»nn‘* 

nmnt. 


Timber only. 

Timber and Fuel. 

Sum of 
oolunuiH 
/and 

h. 

Sum of 

(lOUUlUIH 

and 

1. 

iuilwr 

.and 

Fuel. 

k^olume. / 
Sum of 
lolunmK 
yand 

J- 

urrent 

\untml 

lucre- 

tnuut. 

Mean 

\unual 

iicie* 

luent. 

i^olnmo. , 
iiim of 
uUimnH 
tl and 

Current 

Annual 

Incre¬ 

ment 

Mean 

Lonual 

Incre¬ 

ment 

1 

m 

n 

0 

p 

1 

r 

8 

t 


V 


_ . 

— __ 

--- 

— — 

—— — 

— 






;-iso 



1*10 




330 

33 

33 

100 

900 

•08 

•00 

•80 

100 

10 

5 

900 

03 

48 

7G0 

1,890 

•32 

•24 

■50 

700 

00 

25 

1,890 

93 

63 

1,720 

2,070 

•42 

•31 

■00 

1,720 

96 

43 

2,970 

UI8 

74 

2,720 

3,520 

•47 

•35 

•59 

2,810 

109 

56 

4,150 

118 

83 

3..7S0 

4,280 

•49 

■37 

'58 

3,820 

lul 

64 

5,270 

112 

88 

1 

4,250 

4,970 

•49 

•37 

•57 

4,810 

99 

69 

6,350 

108 

91 

4,220 

5,040 

■50 

•38 

•57 

5,790 

99 

72 

7,420 

107 

93 

SjOlO 

6,250 

•50 

•38 

•57 

0,730 

94 

75 

8,440 

102 

94 

0,120 

6,840 

•51 

•38 

•57 

7,650 

92 

77 

9,440 

100 

94 

6,050 

7,370 

•51 

•38 

•57 

8,530 

88 

78 

10,380 

94 

94 

7,110 

7,860 

•51 

•38 

•57 

9,350 

82 

78 

11,280 

90 

94 

7,530 

8,300 

•52 

•39 

•57 

10,130 

78 

78 

12,130 

85 

93 

7,920 

8,720 

•52 

•39 

•57 

10,880 

75 

78 

12,950 

82 

92 

8.290 

9,120 

•52 

•39 

•57 

11,000 

72 

77 

13,740 

79 

92 

8,630 

9,510 

•53 

•40 

•58 

12,270 

67 

77 

14,600 

76 

91 
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APPENDIX in, 


Yield Table foe Hwh Foeebt of OAK, 


Agft. 

Years. 

Major Part of Wood. 

Minor Part of Wood, or lutennediate 
Yields. 

Solid Cubic Feet. 

Steins. 

Moan. 

Yohmie. 

Solid Cubic Foot. 

Periodic Yields. 

Summary of 
Yields. 

Number. 

Basnl 

Aim 

8(1. Ft. 

Diam. 

Inches 

IleiKlit 

Feet. 

Tinilter 

(»'(•!• 

^ in. 

diam. at 
Klliull 

end. 

Timlier 

and 

Fiit'l. 

Tiiiilior 
over 
Sin. 
limii. al 
small 
end. 

Timlier 

and 

Fuel. 

Timber 
over 
Sin. 
(limn, at 
small 
end. 

Summary 

of 

col. h. 

limber 

and 

Fuel. 

Summary 

of 

col. L 

a 

h 

c 

d 

f 

/ 

0 

h 

} 

j 

1 

B 


20 

•4 

5 


250 






6,900 

39 

1- 

12 


630 





30 

3,300 

59 

1-8 

19 


970 


170 


170 

40 

1,640 

74 

2-9 

26 

470 

1,340 


200 


370 

50 

1,010 

85 

3-9 

33 

990 

1,770 

30 

2140 

30 

600 

60 

670 

96 

51 

39 

1,540 

2,270 

100 

230 

130 

830 

70 

480 

104 

6-3 

45 

2,120 

2,790 

130 

260 

260 

1,090 

80 


112 

7-4 

51 

2,670 

3,300 

160 

260 

420 

1,350 

90 

310 

118 

8-4 

50 

3,200 

3,800 

190 

260 

610 

1,610 

100 


124 

9-4 

60 


4,290 

210 

260 

820 

1,870 

no 

220 

129 

10-4 

64 

4,140 

4,740 

230 

290 

1,050 

2,160 

120 

190 

134 

11-4 

68 

4,570 


230 

270 

1,280 

2,430 

130 

165 

139 

12-4 

71 


5,590 

230 

260 

1,510 

2,690 

140 

14S 

142 

13-4 

74 


5,990 

230 

260 

1,740 

2,960 

ISO 

130 

145 

14-3 

77 

5,730 

6,370 

200 

260 

1,940 

3,210 

160 

115 

148 

16-4 

80 

6,070 

6,750 

200 

230 

2,140 

3,440 
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III., OB Lowest, Qhauty of Locality. 


Sum of 

cohiniuB 
J and 
h. 


Final Yield. 
Solid Cubic Feet. 


Tiiul*or 

and 

Fuel. 


Form Factors. 


Sum of I 

coliiinnH I 

tj and 


Total Yield. 
Solid Cubic Feet. 





Timbi'r only. 


Timber and Fuel. 

TimlKjr 










Timber 


-- 


— 




round s 

cconlin*; 

’imlier 







tlown to 

to 







3 III. 
diam. 
at 

small 

end. 

ijuartcr- 

«irlh 

nensiiro* 

mciit. 

iliul 

Fuel. 

k'oliime. i 
Sum of 
olnmim 
/ami 

j- 

urrvnt 
\nmial i 

ltlLTI‘* 

iiicnt. 

Mean 
kiinual j 
acre* 
ment. 

/olimie. 
Sum of 
olnmns 
(} and 

Current 
Annual j 
liicnv 
ment. 

Mean 

Ltmual 

iicre- 

ment. 

n 

0 

i> 

7 

r 

X 

t 

V, 

i; 



2-50 




250 

25 

25 



l-3(> 




630 

38 

31 



•86 




1,140 

51 

38 

•24 

•18 

•70 

470 

47 

12 

1,710 

57 

43 

•3.> 

•26 

•63 

1,020 

55 

20 

2,370 

66 

17 

■11 

•31 

•('.1 

1,670 

65 

28 

3,100 

73 

62 

•45 

•31 

•60 

2,380 

71 

31 

3,880 

78 

55 

•47 

•35 

•58 

3,000 

71 

30 

4,650 

77 

58 

•48 

•36 

-.58 

3,810 

72 

12 

5,410 

76 

60 

-.50 

•37 

•68 

4,510 

70 

45 

6,160 

75 

62 

•50 

•37 

•87 

.'•,100 

68 

1 

6,000 

74 

63 

•60 

•37 

•57 

5,850 

66 

19 


■ 

63 

*51 

•38 

•57 

6,500 

65 

50 

8,28( 

68 

61 

•51 

•38 

•87 

B 

61 

61 

8,9 If 

66 

64 

•61 

•38 

•57 

B 

66 

51 

9,B8( 

64 

M 

•B1 

•38 

■57 

8,210 

64 

51 

10,19 

61 

61 
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Fig. 54.—Diagram showing the Number of Trees per Acre in Oak 
Woods of I., 11., and 111. Qoalities. 





Fig.|56.—Diagram showing the Mean Diaiiiefer o£ Irucs in Oak Wooils 
of I., II., and 111. Qualities. 



Fic. 67.—Diatrram showing the Mean Height of Oak Woods of 1., II. 
® ® and HI. Qualities. 
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APPENDIX III, 


Yield Table bob High Fokebt of BEECH, 



Major Part of Wood. 

Minor Part of Wood, or Intermediate 
Yields. 

Solid Cubic Feet 

Age. 

Hteins. 

Mfmo. 

Volume. 

Solul Cubic Fc'ot. 

Periodic Yields. 

Summary of 
Yields. 

Years. 

Number. 

Itasal 

Ai-eu. 

Sq. Ft. 

Diain. 

Indies. 

Height. 

Feet 

Timlmr 

over 

3 in. 
diam. at 
small 
end. 

Timber 

and 

IMel. 

Timlier 

over 

3 m. 
iiam.at 
small 
end. 

Timber 

and 

Fuel. 

Timber 

over 

3 in. 
diam. at 
small 
Olid. 

Summary 

of 

col. h. 

Timber 

and 

Fuel. 

Summary 

of 

cxil. i. 

a 

h 

c 

d 

e 

/ 

H 

h 

i 

J 

h 

10 


15 

•7 

6 


150 





20 

2,550 

10 

1-7 

18 


540 





30 

1,650 

74 

3- 

31 

690 

1,600 


200 


200 

10 

940 

105 

4-5 

45 

1,940 

3,000 

130 

510 

130 

710 

60 

600 

131 

6-3 

66 

3,330 

4,620 

400 

660 

530 

1,370 

60 

423 

148 

8* 

67 

4,570 

5,840 

590 

740 

1,120 

2,110 

70 

316 

1.56 

9-3 

76 

5,fi40 

6,970 

740 

860 

1,860 

2,970 

80 

249 

161 

10-9 

85 

G,.5«0 

7,890 

830 

950 

2,690 

.3,930 

80. 

201 

165 

12-2 

92 

7,360 

8,690 

830 

960 

3,520 

4,890 

100 

166 

166 

13-5 

98 

8,050 

9,400 

860 

940 

4,380 

3,830 

110 

142 

167 

14-6 

104 

8,630 

10,000 

840 

940 

5,220 

6,770 

120 

126 

166 

15-6 

107 

9,120 

10,.520 

830 

910 

6,050 

7,680 

180 

112 

165 

16-5 

110 

9,520 

10,950 

830 

910 

6,880 

8,590 

110 

100 

165 

17-3 

113 

9,860 

11,300 

820 

900 

7,700 

9,490 
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I., OB Best, Quality op Locality. 


Final Yield. 

Solid Cubic Foot 

Form Factors!. 

Total Yield. 

Solid Cubio Feet. 

Timber. 

Timber 

and 

Fuel. 

Timl>er 
m tile 
round 
(biwu to 

3 ill. 
diam. 
at 

mnall 

Olid. 

Timlsor 

ncconhii}' 

to 

quarter- 

jfuth 

iminKure- 

mrnt. 


Timber only. 

Timber and FueL 

Sum of 
coiuumH 
/and 
h. 

Sum of 
columnH 
g and 
i. 

TiniiMT 

and 

Fucd. 

Volume. 
Mum of 
culumna 
/and 
;• 

Current 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incre¬ 

ment. 

ViduniP. 
Mum of 
colmnnw 
27 and 
k. 

Current 

Annual 

lucre- 

meat. 

Moan 

Animal 

Inero- 

meiit 

1 

m 

n 

0 

V 

<j 

r 

8 

t 

u 

V 


150 



1-67 




150 

15 

15 


540 



•75 




510 

39 

27 

690 

1,800 

•30 

•22 

•70 

690 

69 

23 

1,800 

126 

60 

2,070 

3,510 

•41 

•31 

•63 

2,070 

138 

52 

3,710 

191 

93 

3,730 

5,280 

•45 

•34 

•63 

3,860 

179 

77 

5,990 

228 

120 

5,160 

6,580 

•46 

•35 

•50 

5,690 

183 

95 

7,950 

196 

133 

6,380 

7,830 

•48 

•36 

•39 

7,500 

181 

107 

9,940 

199 

142 

7,390 

8,850 

•48 

•36 

•58 

9,250 

175 

116 

11,820 

188 

148 

8,190 

9,650 

•48 

•86 

■57 

10,880 

163 

121 

13,580 

176 

151 

8,910 

10,340 

•49 

•37 

‘58 

12,430 

153 

124 

15,230 

165 

152 

9,470 

10,940 

•50 

•37 

•58 

13,850 

142 

126 

16,770 

154 

152 

9,930 

11,430 

•51 

•38 

•59 

15,170 

132 

126 

18,200 

143 

152 

10,350 

11,860 

•32 

•39 

•60 

16,400 

123 

126 

19,540 

1.34 

160 

10,670 

12,200 

•53 

•40 

•61 

17,650 

115 

125 

20,790 

125 

148 


A A 2 
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n., OR Averaqe, Quality op Locality. 


Pioftl Yield. 

Solid Cubic Feet. 

Form Factors. 

Total Yield. 

Solid Cubic Feet 

Timber. 

Timber 

and 

Fuel 

Timber 
iu the 
rouml 
down to 
8 in. 
(linui. 
at 

small 

end. 

Timber 

according 

to 

quarter- 

Kirth 

mca-sure- 

incut 


Timber only. 

Timlier and Fuel. 

Sum of 
columns 
/Olid 

h. 

Sum of 
columns 
il utid 

i. 

Timber 

and 

Fuel. 

Volume. 
Sum of 
columns 
f and 

j. 

Current 

Annual 

lUCTfi- 

ment 

Mean 

Annual 

Incre¬ 

ment 

Volume. 
Hum of 
columns 
(/and 

Current 

Annual 

lucre. 

meiit 

Mean 

Annual 

lucre. 

ment 

i 

W 

n 

0 

p 

1 

r 

i 

t 

U 

V 


130 


• 

2*0 




130 

13 

13 


400 



11 




400 

27 

20 

90 

890 

■07 

•05 

•73 

90 

9 

n 

890 

49 

30 

940 

2,020 

■3.5 

•20 

•67 

940 

85 

24 

2,020 

113 

61 

2,090 

3,160 

*45 

■34 

•63 

2,090 

115 

42 

3,390 

137 

68 

3,190 

4,170 

•46 

•35 

•60 

3,280 

119 

55 

4,730 

134 

79 


5,070 

•47 

•3.5 

•59 

4,410 

113 

63 

6,000 

127 

86 

4,790 

.5,840 

■48 

•30 

•59 

5,480 

107 

68 

7,180 

118 

90 

5,420 


•49 

•37 

■59 

6,470 

99 

72 

8,250 

107 

92 


6,960 

•49 

•37 

•58 

7,410 

94 

74 

9,280 

103 

93 

6,220 

7,280 

•49 

•37 

•58 

8,290 

88 

75 

10,240 

96 

83 

6,430 

7,500 

•49 

•37 

•58 

9,100 

81 

76 

11,150 

91 

93 

6,600 

7,700 

•49 

•37 

•58 

9,840 

74 

76 

12,010 

86 

92 

6,750 

7,870 

•51 

•38 

•59 

10,520 

68 

75 

12,790 

78 

91 
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APPENDIX m. 


Yield Table fob High Foeebt op BEECH , 



MiijorPurt of Wood. 

Minoi' Fart of Wood, or Intermediate 
tields. 

Solid Cubic Feet. 

Agfl. 

Stflins. 

Mean. 

Volume. 

Solid Cubic Feet 

Periodic Yields. 

Summary of 
Yields. 

Yttra. 

Nmiilier. 

Hasal 

Area. 

Hq. Ft. 

Diam. 

Inches. 

Height. 

Feet. 

Tlmlwr 

<»ver 

H in. 
diam. at 
small 
end. 

Timber 

nn*! 

Fuel. 

Timber 
over 
Sin. 
liuni. at 
small 
end. 

Timber 

and 

Fuel. 

Timber 

over 

S ill. 
diam. nt 
small 
end. 

Summary 

of 

col. ft. 

TImlier 

and 

FueL 

Summary 

of 

cob {. 

a 

h 

C 

d 

e 

/ 

n 

h 

i 

j 

k 

■ 10 


8 

■4 

3 


90 





20 


18 

■9 

7 


210 





30 


34 

16 

13 


450 





40 

2,000 

B7 

2-3 

20 

400 

840 


40 


40 

50 

1,510 

80 

3*1 

28 

930 

1,510 


ISO 


170 

60 

1,200 

98 

3-7 

34 

1,530 

2,160 


170 


340 

70 

1,000 

108 

4-4 

3!) 

2,040 

2,690 


190 


630 

80 

830 

iir. 

D-0 

44 

2,410 

3,090 

70 

200 

70 

730 

90 

700 

117 

6*5 

47 

2,070 

3,370 

130 

200 

200 

930 

100 

610 

118 

6- 

50 

2,860 

3,570 

150 

200 

350 

1,130 


fiSO 

117 

6-4 

62 

2,990 

3,720 

160 

210 

610 

1,340 

120 

470 

116 

6-7 

54 

3,030 

3,820 

170 

230 

680 

1,670 

ISO 

430 

115 

7- 

56 

3,160 

3,900 

160 

190 

830 

1,760 

140 

390 

114 

7-3 

57 

3,220 

3,970 

140 

170 

970 

1,930 
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HI.. OB Lowest, Quality oe Locality. 







APPENDIX III. 


Miyor Part of Wood. 

Stoma, 

Mean. 

Volume. 

Solid Cubic Feet. 

Numlwr. 

Ila.sal 

Ania. 

8q. Ft. 

Diam. 

Inches. 

HeiKlit. 

Feet 

Tinil)cr 

over 

8 In. 
diam. at 
siimll 
end. 

Timber 

and 

Fuel. 

b 

c 

d 

e 

/ 

9 


45 

1*5 

12 


800 

1,420 

98 

3-6 

29 

1,000 

2,200 

1,010 

127 

4-8 

44 

2,260 

3,440 

720 

145 

«-l 

55 

3,520 

4,500 

010 

157 

7-5 

65 

4,.560 

5,420 

370 

Kin 

9- 

73 

6,430 

6,220 

290 

172 

10'4 

80 

6,170 

6,930 

230 

175 

11-8 

86 

6,800 

7,550 

200 

178 

12-8 

91 

7,320 

8,060 

170 

181 

14- 

95 

7,730 

8,460 

150 

182 

14-9 

99 

8,100 

8,830 

140 

182 

15-4 

103 

8,430 

9,160 

130 

183 

161 

106 

8,700 

9,420 

125 

183 

16-4 

108 

8,950 

9,660 


Yield Table fob the SCOTCH PINJE, 


Minor Part of Wood, or Intermediate 
Yielda. 

Boli(i CuWc Feet. 


Periodic Yields. 

Timl)ei 

over 

Timlier 8 in. 

JV” Timber 

and “™'‘ 


Summary of 
Yields. 


Timl)ev 

Timber 
dta..t /"I, 


Summary Summary 
of of 

col. k. col. i. 
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I., OB Best, QrAMTY of Locality. 


Solid CuWo Feet. 


Solid CuMc Ifeet. 


Timber 

Timber. and 

f'o'- Timl»r 


Timber only. 


Timber and Fuel. 


__in tbe Timber - 

” round according 

down to to Timber 

Bm. quarter- mid Volume. fi„TTent Mean 

S ^ 5 "='■"" S' 

ft. ft ■ J* 


1> i 


4,000 'lO 

5,300 •« 

0,2«0 'I.'' 

C ,!>«0 - I ."’ 

7,480 -45 

8,0.50 -4.5 

8,520 -45 

8,890 -45 

9,220 -45 

9,490 '45 

9,730 -46 

9,950 -45 


•77 1,020 

•02 2,490 

-.50 4,200 

•53 5,900 

•52 7,440 

•50 8.090 

-.50 9,700 

•50 10,090 

•49 11,500 

•49 12,230 

•49 12,870 

•49 13,430 

•49 13,940 


180 137 

186 149 


154 155 


112 146 
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APPENDIX ni, 


Yibld Table fob the SCOTCH PINE, 




MSijor Part of Wood. 


Minor Part of Wood, or Intermediate 
Yields. 









Solid Cubic Feet, 


Age. 

Stems. 

Mean. 

Volume. 

Solid Cubic Feet. 

Periodic Yields. 

Summary of 
Yields. 

Yf“ara. 









Timber 



NumiH’r. 

Basal 

An‘a. 

S(i. Ft. 

Biuiii. 

Inches. 

Height. 

Feet 

Timber 
over 
.H in. 
diiim. at 
small 
end. 

Tlmlier 

nnd 

Fuel. 

Timlior 

over 

3 in. 
liam. at 
small 
end. 

Timber 

ami 

Fuel. 

over 

Sin. 

diam. at 
small 
end. 

Summary 

Timber 

and 

Fuel. 

Hnmmajy 










col. h. 

POl. {, 

a 

h 

c 

d 

e 

/ 

a 

7i 

} 

j 

It 

10 


30 

1- 

8 


.500 





20 


71 

2- 

17 

400 

1,370 





30 

1,000 

103 

3-4 

29 

1,140 

2,220 

20 

60 

20 


40 

1,100 

121 

4-r> 

38 

2,000 

3,030 

130 

290 

150 


60 

700 

132 

5*6 

40 

2,820 

3,660 

330 

490 

480 

840 

00 

5<i0 

140 

6-8 

52 

3,460 

4,190 

370 

470 

8.50 

1,310 


440 

145 

7-8 

58 

3,970 

4,000 

340 

410 

1,190 

1,720 

H 

360 

149 

87 

03 

4,390 

5,070 

330 

390 

1,520 

2,110 

90 

300 

132 

9-6 

08 

4,740 

5,430 

300 

300 

1,820 

2,470 

■I 

250 

162 

10-6 

72 

5,000 

6,730 

270 

300 

2,090 

2,770 

no 

220 

153 

11-3 

70 

5,340 

0,020 

240 

270 

2,330 

3,040 


200 

163 

11-8 

79 

6,020 

0,290 

200 

230 

2,630 

3,270 


180 

134 

12*5 

82 

5,860 

6,530 

170 

200 

2,700 

3,470 
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jl., OB Avebaof, Quality op Locality. 


-—, 

Final Yield. 

Solid Cubic Feet. 

Form Factors. 

Total Yield. 

Solid Cubic Feet 

Timber. 

Timber 

and 

Fuel. 




Timber only. 


Timber and Fuel. 


rimljer 









Sum of 
i-olutiinH 
/and 

}i. 

Sum of 
columiw 
(/ and 

i. 

in tbB 
round o 
lown t<i 

S in. 
diam. 
at. 

Kinull 

end. 

TimVr 

4iconlint; 

to ' 

quarter- 
gn til 
iieasure- 
inent. 

iinlxT 

aixl 

]''uid. 

’olmmi. r 
Sum of 
dIuiiuih 
/ and 

J- 

Current 
\nmuil J 
Incre¬ 
ment. 

4 can 
iiinual 
ncre 
meiit. 

Volume. ^ 
^um of 
xdumne 
y and 

L 

Current 
Annual A 
Incre¬ 
ment 

Mean 

nnual 

ncre* 

ment 

1 

m 

-n 

0 

p 

7 

r 

Iv' 

t 

% 

V 


600 



2^08 




600 

60 

50 

400 

1,370 

•S3 

■25 

111 

iw 

40 

20 

1,370 

87 

68 

1,1 fiO 

2,2K0 

•38 

■29 

■74 

1,1 Git 

76 

38 

2,280 

91 

76 

2,130 

3,320 

■43 

■32 

•G(i 

2,1.50 

9!t 

54 

3,380 

no 

84 

3,150 

4,160 

■46 

‘35 

•GO 

3,300 

116 

66 

4,600 

112 

90 

3,830 

4,6t»0 

•48 

■36 

•58 

4,310 

101 

72 

5,.600 

100 

92 

4,310 

6,070 

■47 

•35 

•55 

5,160 

85 

74 

6,380 

88 

91 

4,720 

6,460 

■47 

■35 

■54 

6,910 

75 

74 

7,180 

80 

90 

6,040 

6,790 

•46 

•35 

■54 

0.5C0 

66 

73 

7,900 

72 

88 

6,330 

6,030 

•46 

•35 

•52 

7,1.60 

69 

72 

8,600 

60 

85 

6,680 

6,290 

■46 

•35 

•52 

7,070 

52 

70 

9,060 

56 

82 

6,820 

6,520 

■46 

*35 

■62 

8,160 

48 

68 

9,500 

60 

80 

6,030 

6,730 

■46 

*35 

■52 

8,56(] 

41 

66 

10,000 

44. 

77 
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APPENDIX in. 



Hi^or Part of Wood. 


'Minor Fart of Wood or iDtennediatn 
Yields. 

Solid Cubic Feet 



Stems. 

Mean. 

Volume. 

Solid Cubic Feet 

Number. 

Basal 

Area. 

Sq. Ft. 

Diain. 

Indies. 

Height. 

Feet 

Tiinlwr 

over 

S in. 
diam. at 
small 
end. 

Timlicr 

and 

Fuel. 

h 

c 

d 

e 

/ 

9 


18 

•6 

4 


200 


40 

1-4 

8 


450 


7fl 

2-2 

14 

200 

880 

2,000 

98 

3- 

21 

(110 

1,,330 

1,470 

105 

SO 

20 

l,0fi0 

1,7(10 

1,040 

107 

4-3 

80 

1,430 

2,000 I 

780 

108 

5* 

34 

1,730 

2,300 

020 

109 

5'7 

38 

1,970 

2,570 

510 

110 

fiS 

41 

2,170 

2,700 

420 

110 

6*9 

44 

2,340 

2,920 

350 

110 

7'« 

47 

2,.500 

3,000 


Periodic Yields. 

Summary of 
Yields. 

Timber 

over 

S ni. 
diam at 
small 
end. 

1 

Timber 

and 

Fuel. 

Timber 

over 

Sin. 

diam. at 
small 
eud. 

Summary 

of 

col. k. 

Timber 

and 

Fuel. 

Summary 

of 

col. t 

i 

; h 

i 

J 

k 

30 

110 

so 

no 

40 

110 

70 

220 

50 

100 

120 

320 

no 

100 

180 

420 

70 

90 

260 

610 

80 

90 

330 

600 

80 

90 

410 

690 
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III. OE Lowest, Qoalitt of Looahtt. 


Final Yield. 

Solid Cubic Feet 

Form Factors. 

Total Yield. 

Solid Cubic Feet. 

Timber. 

Timber 

and 

Fuel. 

Timber 



Timber only. 

Timber and Fuel 

Slim of 
columiih 
/and 
k. 

Snm of 
columns 
Srand 
i. 

round 
down to 
8 in. 
diam. 
at 

small 

end. 

according 

to 

quarter- 

girth 

measure¬ 

ment. 

Timber 

and 

Fuel. 

Volume. 
Sum of 
coliimna 
/and 
h 

Current 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incre¬ 

ment. 

Volume. 
Sum of 
(»}lunm8 
7^ and 
k. 

Current 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incre¬ 

ment. 

1 

m 

A 

0 

p 

i 

r 

X 

f- 

U 

V 


200 



2-78 




200 

20 

20 


460 



1*41 




450 

25 

23 

200 

860 

•39 

•14 

•81 

200 

20 

7 

860 

41 

29 

610 

1,330 

•30 

•22 

*65 

610 

41 

36 

1,330 

47 

34 

1,090 

1,870 

■39 

•29 

•64 

1,090 

4B 

22 

1,870 

54 

37 

J,470 

2,170 

■46 

•34 

■64 

1,500 

41 

25 

2,280 

41 

38 

1,780 

2,460 

•47 

•35 

■64 

1,850 

35 

26 

2,680 

37 

38 

2,030 

2,670 

•48 

•36 

•62 

2,160 

30 

27 

2,990 

31 

37 

2,240 

2,860 

•48 

•36 

•61 

2,420 

27 

27 

3,270 

28 

86 

2,420 

3,010 

•48 

•36 

•60 

2,670 

25 

27 

3,520 

25 

33 

2,680 

3,160 

•48 

•36 

•69 

2,910 

24 

26 

3,750 

23 

34 
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APPENDIX III, 


Yield Table fob the SPltCrCE, 



M^for Part of Wood. 

Minor Part of Wood, or Intermediate 
Yioldti. 

Holiil Cubic Feet. 

Age. 

Htems. 

Mean. 

Volume. 

Holiil Cubic Feet. 

Period 

e Yields. 

Summary of 
Yields. 

Years. 

Number. 

liEuml 

Area. 

Sq. Ft. 

Diaiti. 

iDcIies. 

HeiKht 

Feet. 

Timb«‘r 

over 

3 in. 

(liain. at 
small 
end. 

Timber 

and 

Fuel. 

Timber 

over 

3 in. 
diam.al 
small 
end. 

Timber 

and 

Fuel. 

Timber 
over 
.H in. 
diam. at 
small 
end. 

Summar) 

of 

col. 

Timber 

and 

Fuel. 

Summary 

of 

col. i. 

a 

h 

c 

d 

e 

/ 

s 

h 


J 

h 

10 


37 

1- 

8 


600 





20 

2,970 

97 

2-4 

20 

700 

1,800 





SO 

1,800 

170 

4-2 

35 

2,1)20 

4,790 

60 

410 

60 

410 

40 

1,130 

207 

5-8 

51 

5,540 

7,370 

340 

690 

400 

1,100 

BO 

720 

229 

7-6 

65 

7,760 

9,430 

690 

910 

1,090 

2,010 

60 

610 

244 

9-4 

76 

0,550 

11,120 

890 

1,010 

1,980 


70 

380 

234 

111 

83 

11,020 

12,620 

890 

1,010 

2,870 


80 

310 

263 

12-3 

93 

12,230 

13,710 

840 

910 

3,710 

4,970 

90 

■ 260 

271 

13-8 

99 

13,300 

14,760 

740 

800 

4,450 

6,770 

100 

220 

279 

15*2 

104 

14,260 

16,720 

640 


6,090 

6,460 


200 

285 

16-2 

109 

16,120 


570 

600 

6,660 



190 

291 

16-8 

112 

13,900 

17,360 

600 

530 

6,160 

7,690 
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I., OB Best, Quabitt op Locality. 


Final Yield. 

Solid Cubic Feet. 

Form Factors. 


Total Yield. 

Solid Ctibic Feet. 



I’unber. 

Timber 

and 

Fuel. 

Timber 
in the 
round 
down to 
In. 
ditim. 
at 

small 

end. 

Timlior 

acconiiuK 

to 

ijuartcr- 

Kirth 

measui'e- 

meat. 


Tiinlier only. 

Timber ami Fuel. 

Mnm of 
(X)lmima 
/and 
h. 

Sum of 
columns 
g amt 

i. 

Timlier 

and 

Fuel. 

Volume. 
Hum of 
i-oltmitiK 
/and 
./• 

Cnn-out 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

liicre- 

nient. 

Volume. 
Slim of 
coluiniis 
9 and 

1 . 

Current 

Anniiiil 

Iiicre- 

ment. 

Mean 

Annual 

Incre¬ 

ment. 

1 

in 


0 

p 

7 

/• * 

X 

t 

U 

i' 


500 



1*09 




500 

50 

60 

700 

1,800 

•36 

•27 

•93 

700 

70 

35 

1,800 

130 

90 

2,980 

6,200 

•19 

•37 

•81 

2,980 

228 

99 

5,200 

870 

173 

.'■>,880 

8,060 

•52 

•39 

•70 

5,940 

296 

118 

8,470 

327 

212 

9,HO 

10,310 

•52 

•39 

•63 

8,840 

290 

177 

11,440 

297 

229 

10,410 

12,160 

‘51 

‘38 

•60 

11,530 

269 

192 

14.170 

273 

236 

11,910 

13,63(1 

•61 

•38 

*58 

13,890 

236 

198 

16,580 

211 

287 

13,090 

14,620 

•60 

•37 

•56 

15,960 

207 

200 

18,680 

210 

231 

11,010 

15,560 

•.)0 

•37 

•55 

17,750 

179 

197 

20,5.30 

185 

228 

14,890 

16,110 

•19 

•37 

•64 

19,310 

159 

193 

22,180 

165 

222 

16,690 

.17,190 

■49 

•37 

•53 

20,780 

144 

189 

23,650 

147 

215 

16,100 

17,890 

•49 

•37 

•53 

22,000 

128 

181 

24,950 

130 

208 
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appendix iu. 


Major Part of Wood. 

Stems. 

Mean. 

Volume. 

Solid Cubic Feel 

Number. 

lliuial 

Area. 

Diam. 

Indies. 

lleiglit. 

Feet. 

Timber 

over 

3 m. 

diam at 

Timlie 

and 

Fuel. 


Yield Table fob the SPRUCE, 

Minor Part of Wood, or Intermediate 
Yields. 

Soliil Cubic Feet. 

« • v< iA. Summary of 

Periodic Yields* Yields. 


Summary Summary 
of of 

col. h. col. i. 


30 390 30 390 

210 540 240 930 

410 640 650 1,570 

490 640 1,U0 2,210 

470 680 1,610 2,790 

420 600 2,030 8,290 

380 440 2,410 8,730 


340 

880 

2,750 

300 

380 

8,050 
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II, oE Aveeaoe, Quality op Locality. 


Final Yield. 

Solid Cubic Feet. 

Form Factors. 

Total Yield. 

Solid C'abic Feet. 

Timber. 

Timber 

and 

Fuel. 

Timtier 
in tlie 
round 
down to 

21 in. 
diam. 
ut 

amall 

end. 



Timber only. 

Timber and Fuel. 

Sum of 
c()linnns 
/and 
h. 

Sum of 
columiw 

1 / ami 
%. 

accorrling 

to 

ijunitrT- 

girtb 

nmaHure- 

ment. 

Tinilwr 

ami 

Fuel. 

Volume. 
Sum of 
columns 
/ and 

j. 

Currmit 

Annual 

Incr«!- 

rnent 

Mean 

Annual 

Incre. 

ment. 

Volume. 
Hum of 
columns 
y and 
k. 

CuiTcnt 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incro- 

nieut. 

1 

ni 

N 

V 

!> 


r 

Jt 

t 

U 

r 


400 



4-85 




400 

40 

40 


1,430 



2-8] 




1,430 

103 

71 

670 

2,620 

•34 

•25 

1-31 

670 

67 

22 

2,620 

119 

87 

2,140 

4,290 

•.")0 

■37 

•92 

2,140 

147 

54 

4,290 

167 

107 

3,880 

6,760 

-.63 

■40 

•76 

.3,910 

177 

78 

6,1.60 

186 

123 

6,470 

7,100 

•r)4 

•41 

■69 

5,710 

180 

95 

8,ii8U 

188 

134 

0,760 

8,260 

•64 

•41 

•65 

7.410 

170 

106 

9,830 

180 

140 

7,790 

9,210 

•54 

•41 

•63 

8,980 

162 

112 

11,420 

159 

143 

8,640 

10,020 

•63 

•40 

•61 

10,250 

132 

114 

12,810 

139 

112 

9,S40 

10,730 

•62 

•89 

-59 

11,370 

112 

114 

14,020 

121 

140 

9,970 

11,360 

•52 

•39 

••'.9 

12,380 

101 

113 

15,il90 

107 

137 

10,600 

11,920 

•52 

•39 

•59 

13,2.60 

87 

110 

16,030 

94 

134 
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APPENDIX ra, 


Tibld Table foe the SPRUCE, 



M^jor Part of Wood. 

Minor Fart of Wood, or Intermediate 
Yields. 

Solid Cubic Feet. 

Age. 

Stems. 

Mean. 

Volumo. 

Solid Cubic Feet 

Pprioflic Yields. 

Bnmmary of 
Yields. 

Years. 

Number. 

Basal 

Area. 

Sq. Ft. 

Diarn. 

Iiwhes. 

neiglit. 

Ffftt. 

Timber 

over 

9 in. 
diam. at 
small 
end. 

Timlwr 

and 

Fuel. 

Timber 

ov(‘r 

8 in. 
liam.at 
small 
end. 

Timlier 

and 

Fuel. 

Timber 
over 
Sin. 
diam. at 
small 
end. 

Summary 

of 

col. h. 

Timber 

and 

Fuel 

Summary 

of 

col. i. 

a 

b 

0 

d 


f 

a 

k 

V 

J 

k 

10 


15 

■3 

2 


200 





20 


38 

■7 

5 


650 





80 


61 

1-2 

9 


1,100 





40 

3,970 

87 

2- 

15 

340 

1,690 





60 

2,150 

108 

3- 

22 

960 

2,360 


270 


270 

CO 

1,370 

123 

4-1 

30 

1,870 

3,100 

70 

290 

70 

560 

70 

1,000 

134 

6- 

37 

2,760 

3,870 

100 

300 

230 

860 

80 

810 

144 

5-7 

43 

3,530 

4,600 

170 

260 

400 

1,120 

90 

700 

152 

63 

48 

4,140 

6,230 

160 

210 

660 

1,330 

100 

C.“)0 

159 

6-7 

61 

4,630 

6,720 

140 

170 

700 

1,600 
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HI., OE Lowest, Qoality of Locality. 



Final Yield. 

Solid Cubic Feet. 

Form Factors. 

Total Yield. 

Solid Cubic Feet 


Timber. 

Timber 

and 

Fuel 

Timber 
in the 
round 
down to 

U in. 
dium. 
at 

small 

end. 

Timber 

according 

to 

quarter- 

girth 

UH'Usurc- 

ment. 


Timber only. 

Timber and Fuel. 


Sum of 
columns 
/ and 
h. 

Sum of 
columns 
f} and 
i. 

Timber 

and 

Fuel. 

Volume. 
Hum of 
uoliunnH 
/ and 
j. 

Cnrrent 

Annual 

Inere- 

ment. 

Mean 

Annual 

Incre¬ 

ment 

Volume 
Sum of 
columns 
gaud 

k. 

Current 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incre¬ 

ment. 


i 

m 

n 

0 

V 

V 

r 

» 

t 

w 

V 



200 



6-67 




200 

20 

20 



550 



2-90 




550 

35 

27 



1,100 



2- 




1,100 

55 

37 


340 

1,690 

•26 

•20 

1-30 

340 

34 

9 

1,690 

59 

42 


960 

2,630 

•40 

•30 

•99 

960 

62 

19 

2,630 

94 

53 


1,940 

3,390 

•51 

•38 

•81 

1,940 

98 

32 

3,600 

103 

61 


2,920 

4,170 

■66 

•42 

•78 

2,990 

106 

43 

4,730 

107 

68 


3,700 

4,860 

•57 

•43 

•74 

3,930 

94 

49 

6,720 

99 

71 


4,300 

6,440 

•57 

•43 

•72 

4,700 

77 

52 

■ 6,560 

84 

78 


4,770 

5,890 

•67 

■43 

•71 

6,330 

63 

63 

7,220 

66 

72 1 


B B 2 
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APPENDIX ni. 


Yield Table fob the SILVER FIR, 



Major Part of Wood. 

Minor Part of Wood, or intermediate 
Yields. 

Solid Cubic Feet. 

Age. 

Steins. 

Mean. 

Vulnine. 

Solid Cubic Feet. 

Periodic Yields. 

Summary of 
Yields. 

Years f 

Nuinlwr. 

Basal 

Area. 

Sq. Ft. 

Diam. 

Inches, 

Height 

Feet. 

Timber 

over 

3 in. 
diam. at 
small 
end. 

Timlxir 

and 

Fuel. 

Timber 

over 

3iu. 

iham.ul 

small 

end. 

Timlier 

ami 

Fuel. 

Timber 

over 

S in. 
diam. at 
small 
end. 

Suiniaary 

of 

ccd. K 

Timber 

and 

Fuel. 

Summary 

of 

col. i. 

a 

b 

e 

d 

e 

/ 

t 

h 


J 

h 

10 


10 

*5 

3 


300 





20 


35 

1-3 

9 


880 





30 


71 

2-5 

18 

500 

1,760 





40 

1,460 

126 

4- 

30 

1,700 

3,130 

GO 

290 

60 

290 

fiO 

990 

171 

6-C 

45 

3,670 

4,940 

360 

640 

420 

930 

60 

060 

205 

7-6 

58 

5,700 

7,070 

570 

790 

990 

1,720 

TO 

460 

233 

96 

71 

7,960 

9,4r>0 

1,000 

1,260 

1,990 

2,980 

80 

840 

255 

11-7 

82 

10.8.10 

11,950 

1,290 

1,570 

3,280 

4,660 

90 

250 

273 

14-2 

91 

12,650 

14,230 

1,4.30 

1,710 

4,710 

6,260 

100 

200 

288 

16-2 

98 

14,290 

16,060 

1,360 

1,570 

6,070 

7,830 

no 

180 

■■ 

17-5 

104 

15,780 

17,610 

860 

1,000 

6,930 

8,830 

120 



18-3 

109 

16,990 

18,880 

710 

830 

7,640 

9,660 

130 



191 

112 

17,850 

19,760 

600 

690 

8,240 

10,360 

140 

150 

330 

20T 

116 

18,840 

20,840 

310 

360 

8,650 

10,710 
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j„ OB Best, Quality of Iawality. 


Solid Cubic Feet 


Hohd Cubic I'VhjU 


Timber 

Timber. aud 

Kuel. 

TimlH*r 

-ill TimixT 

rmind amu-diiig 
down to t() TmilHT 
S 111. quart<'r- and 
Hunt of Hum of diam. Kii tli Kuel. 
coiunmw columns at rncaMin:* 

/ and g and Kiimil menU 
h. I end. 


Timber only. 


TimUir and Fuel. 


Volume y, Yojmri,-. Mcun 

I ^'j'" Amiuul Animal ,.„ Z, L Annual Annual 

lucre- lucre-™''.'”;™ lucre- Incre- 

nicut. menfc. 


•83 1,760 

•64 4,Olio 

-.59 6,690 

•57 9,950 

•67 13,630 
•57 17,260 


•56 22,710 


-.55 1 26,090 


17 1,760 

44 3,420 

82 5,870 

111 8,790 

142 12,430 

170 16,500 

192 20,490 

204 23,890 


205 28,540 

201 30,110 

196 31,660 
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APPENDIX III. 


Yibld Table for the SILVER EIR, 



Major Part of Wood. 

Minor Part of Wootl, or Intermediate 
Yields. 

Solid Cubic Feet. 

Age. 

Tears. 

Hteina. 

Mean. 

Volume. 

Solid Cubic Feet 

Periodic Yields. 

Summary of 

Yields. 

Number. 

Basal 

Area. 

Sq. Ft. 

Biatn. 

Inches. 

IcighU 

Feet 

Timber 

over 

8 in. 
diain. at 
amall 
end. 

Timber 

and 

Fuel. 

I'litiber 

over 

8 in. 
iam. at 
small 
end. 

Timlier 

and 

Fuel. 

Timber 

over 

3 in. 
diam. at 
small 
end. 

iummary 

of 

col. h. 

Timlier 

and 

Fuel. 

Summary 

of 

col. i. 

a 

h 

c 

a 

e 

/ 

s 

h 

i 

.? 

h 

10 


7 

•3 

2 


200 





20 


18 

•7 

6 


500 





30 


36 

1-3 

13 


1,000 





40 

2,700 

75 

2-3 

22 

650 

1,900 





so 

2,000 

127 

3-4 

33 

1,880 

3,180 

140 

320 

140 

320 

60 

1,330 

159 

4-7 

44 

3,530 

4,690 

330 

630 

470 

860 

70 

880 

182 

6-2 

55 

6,070 

6,350 

,510 

730 

980 

1,680 

80 

690 

203 

79 

G5 

6,760 

8,130 

740 

970 

1,720 

2,660 

90 

420 

220 

9-8 

73 

8,640 

10,000 

900 

1,140 

2,620 

8,690 

100 

310 

235 

11-8 

81 

10,140 

11,650 

940 

1,180 

3,660 

4,870 

m 

250 

246 

13'4 

87 

11,470 

13,020 

11 



mm 

IB 

230 

266 

14-3 

92 

12,600 

14,080 

750 

870 


6,880 

11 

210 

262 

161 

96 

13,180 

14,790 

570 

■ 


7,630 

140 

200 

268 

16-7 

99 

13,830 

16,480 

230 

250 

IH 

7,780 
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II.. OB Avebaoe. Quality of Locality. 


Final Yield. 

Solid Cubic Fi^nt. 

Form Factors. 

Total Yield. 

Solid Cubic Foot. 

Timber. 

Timlicr 

and 

Fu«l. 

Timbor 
in ilio 
roumi 
lown to 

3 in. 
diain. 
at 

sniatl 

end. 

Timber 

acconlmg 

Oj 

iiuarter- 

itirlb 

measure- 

mont. 


Timlicr only. 


Timbor and Fuel. 

Hum of 
colmnnii 
/and 
h. 

Hum of 
columns 
g and 
i. 

[’imlxT 

HUl] 

Fuel. 

Vnhime. 
Hum of 
columns 
/ and 

J* 

Curront 

Annual 

Imw- 

munt. 

Mean 

Annua) 

llKTO- 

mriit. 

Volume. 
Sum of 
culimuiH 
/7nnd 

Current 

Annual 

Incre¬ 

ment. 

Mean 

Annual 

Incre¬ 

ment. 

1 


n 

0 

p 

? 


8 

t 

w 

V 


200 



U^29 




200 

20 

20 


600 



463 




500 

30 

25 


1,000 



214 




1,000 

60 

33 

660 

1,900 

•39 

•29 

1-15 

650 

66 

16 

1,900 

90 

47 

2,020 

3,600 

•46 

•34 

•76 

2,020 

137 

40 

3,500 

160 

70 

3,860 

5,220 

■50 

•37 

•67 

4,000 

175 

67 

6,640 

204 

92 

5,680 

7,080 

*51 

•38 

•63 

6,060 

206 

86 

7,930 

239 

113 

7,490 

9,100 

•51 

•38 

•62 

8,470 

242 

106 

10,680 

275 

133 

9,440 

11,140 

•,62 

•39 

•62 

11,160 

269 

124 

13,690 

301 

152 

11,080 

12,830 

•53 

•40 

•61 

13,700 

254 

137 

16,620 

283 

165 

12,420 

14,160 

‘54 

•41 

•61 

16,980 

228 

145 

19,030 

261 

173 

13,260 

14,950 

•63 

•40 

•60 

17,760 

178 

U8 

20,960 

193 

176 

13,760 

16,440 

•52 

•39 

•69 

19,010 

125 

146 

22,320 

136 

172 

14,060 

15,730 

•52 

•39 

•58 

19,890 

88 

142 

23,200 

94 

166 
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APPENDIX in. 


Yikli> Table fob the SJL VER FIR, 



M^or Pavfc of Wood. 

Minor Part of Wots], or Intormediete 
Yields. 

Solid Cubic Feet 

Age. 

8tenis. 

Mean. 

Volume. > 

Solid Cubic Fei^t. 

Periodic Yields. 

Summary of 
Yields. 

Ywira. 

1 Number. 

Basal 

Area. 

■Sq. Ft. 

Diain. 

Inches. 

Height. 

■Feet. 

Timber' 

4»V<T 

a in. 
dtnm. at 
Riiinll 
end. 

Tiinlier 

and 

Fuel. 

Timber 

ever 

H m. 
liam at 
small 
end. 

Timber 

and 

Fuel. 

limber 

over 

3 in. 
diain. at 
small 
end, 

Summary 

of 

col. h. 

Timber 

and 

Fuel. 

Summary 

of 

col. i. 

a 

b 

C 

d 

c 

/ 

9 

h 

% 

j 

k 

10 


2 

•2 

2 


100 





20 


4 

•6 

5 


220 





30 


10 

1- 

y 


440 





40 


23 

1-5 

16 

1.50 

!«K» 





60 


80 

2-4 

24 

1/MH) 

1,860 





60 

2,100 

124 

3-3 

33 


2,930 

70 

230 

70 

230 

70 

1,480 

145 

4-2 

42 

3,060 

4,090 

210 

410 

280 

640 

80 

1,060 

162 

5-3 

51 

4,190 

6,.300 

400 

600 

680 

1,240 

90 

780 

175 

6-4 

69 

6,370 

6,570 

030 

840 

1,310 

2,080 

100 

B70 

188 

7-8 

66 

6,430 

7,700 

7!K) 

930 

2,100 

.3,010 

no 

430 

198 

9-2 

71 

7,270 

8,600 

800 

970 

2,960 

3,980 

120 

360 

205 

10-4 

76 

7,890 

9,280 

570 

640 

3,630 

4,620 

130 

810 

209 

111 

79 

8,360 

9,780 

600 

670 

4,030 

6,190 

140 

290 

216 

11-7 

82 

8,800 

10,280 

280 

320 

4,310 

6,510 
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in.. ou Lowkst Quality, op Locality. 


Filial Yield. 

Solid Cubic Fwl. 

Form Factoi B. 

Total Yield. 

Solid Cubic Fijet. 

Timber. 

Timber 

and 

l<’uel. 

Timber 
in tbe 
round 
ilowii to 
S in. 
diam. 
at 

Biiiall 

oml. 

TimlHT 

acconlinj; 

to 

qmirliei- 

nii'Ui 

ineaKiire- 

rneiit. 


Timber only. 

Tiinlier and Fuel. 

Sum of 
colninuH 
/mid 
/u 

Sutri (if 
eoliimiiK 
(1 and 

X. 

Timtier 

aiid 

Fuel. 

Volume. 
Sum of 

1 olumii.s 
/and 

J- 

(Jurreut 

j\iiiimil 

liiere- 

ineiit. 

Mean 

Annual 

Incii'* 

ment. 

Volume. 
Sum rjf 
colmnim 
(/ ami 
fe. 

Cnmmt 

Annual 

Inere- 

nient. 

Mean 

Annual 

Incre¬ 

ment. 

1 

m 

n 

0 

7' 

7 

r 

.i 

t 

u 

V 


100 



25' 




100 

10 

10 


220 



n- 




220 

12 

11 


410 



4-89 




440 

22 

15 

150 

1)00 

■41 

•31 

2-09 

150 

15 

4 

990 

55 

25 

1,000 

1,860 

•48 

■30 

•90 

1,000 

77 

20 

1,860 

87 

87 

2,0 fi 0 

:i,i(io 

•49 

•37 

•72 

2,0(10 

106 

34 

3,160 

130 

53 

3,370 

4,600 

■50 

•37 

•67 

3,340 

128 

48 

4,730 

157 

68 

4, r .90 

.5,900 

•51 

•38 

•64 

4,870 

1.53 

61 

6,540 

181 

82 

6,000 

7 410 

•52 

•8!) 

•61 

6,(180 

isi 

74 

8,650 

211 

96 

7,220 

8,030 

■52 

•89 

■02 

8,530 

186 

85 

10,710 

206 

107 

8,130 

8,570 

•52 

•39 

•01 

10,230 

170 

93 

12,580 

187 

114 

8,460 . 

9,920 

•51 

•38 

•60 

11,420 

119 

95 

13,900 

142 

116 

8,860 

10,830 

•51 

•38 

•59 

12,390 

97 

95 

14,970 

107 

116 • 

8,080 

10,600 

■50 

•37 

■58 

13,110 

72 

94 

15,790 

82 

113 
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APPENDK III. 


Pbblimikabt Yield Tables— 
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APPENDIX IV. 


General Working Plans for the Method of Allotment of Woods 
to the several Periods of one Rotation. 

A. Allotment according to Area. 

B. Allotment according to Volume. 
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APPENDIX IV. A. 


Gbnbbal Woekiko Plam op a High Foekbt of Beech 

A.— ALIiOTMKNT OP WOODS TO THE SEVEEAL 






Allotmknt of Woods to Pbrioi® 

Before 8hii'tino. 

CJom* 
part- 
men t. 

Area in 
Acres. 

Present 

Age. 

Final Age 
ftr/orf 
Sltilting. 

I. 

Period. 

Acres. 

n. 

IVricMl. 

Acres. 

III. 

Period, 

Acres. 

IV. 

Period. 

Acres. 

V. Period. 
Acres. 



With 

Over- 

wood. 

With- 
. out 
»Over- 
wood. 

1 

19 

80 

no 


19 





2 

8 

60 

110 



8 




3 

r> 

60 

no 



6 




4 

11 

40 

no 




11 



6 

9 

15 

105 





6 

3 

6 

3 

130 

110 

3 






7 

7 

10 

100 





7 


8 

9 

50 

100 



9 




9 

4 

75 

105 


4 





B 


75 

105 


11 





11 

9 

75 

10.7 


9 





12 

13 

73 

105 


13 





13 

3 

80 

no 


3 





14 

7 

16 

106 






7 

15 

7 

16 

106 






7 

16 

7 

65 

93 


7 





17 

4 

70 

100 


4 





18 

B 

70 

100 


5 





19 

6 

75 

105 


6 





20 

10 

82 

92 

10 






21 

3 

13 

103 






3 

Total 








18 

20 








33 


Total Area = 160 acres, Average per Period = 82 acres. 
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WITH A Moderate Admixtdbb of Oak, Asb, and Conifers. 


Periods Aooordino to ABEA.— Rotation = 100 Years. 




\i.LOTMEXT 01 '' Woods to Pkuiods After Sbiftinu. 


Com- 

Final 


1 



V. Period. 


Age 

I. 

11 . 

III. 

IV. 

Acres. 

Remarks. 

mont. 









Shifting. 

Acres. 

Acres, 

Acres. 

Acres. 

With 

Over- 

wood. 

WiUi- 

out 

Over¬ 

wood. 


1 

130 



19 




Shifted, as the wood is of 









gootl growth, to relieve 

2 

110 



8 




11. Period. 

3 

130 




6 



Shifted, to fill up IV. 









Period. 

4 

no 




11 




5 

10.1 





0 

3 


G 

no 

3 







7 

100 





7 



8 

120 




9 



Shifted, to fill up IV. 








Penod. 

9 

145 




4 




10 

105 


11 






11 

101 


9 






12 

13 

85 

90 

13 

3 






Shifted, to provide for I. 
Period. 

Shifted, to provide for I. 







Period. 

14 

lOG 






7 


15 

106 






7 


15 

95&nr 


3-5 

3-5 





17 

100 


4 






18 

100 


5 






19 

85 

5 






Shifted, to provide for I. 







Period. 

20 

' 92 

10 







21 

■ 103 






3 




34 




13 

20 
















33 
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Ill 1 1 

Serial 

Aob. 

TRSE8 TO BB 
Lsirr AS 

Btakdardb. 

Nutaber. 

laent. i 

Present 

At the 
Time of 
CattiiiK 
(mean). 

Species. 

1 No. 



1. WiH)di already iindei 

( 1 

1 

5 9 Beech 101 

107 

Oak 

IG 


Scotch Pine 104 

107 





2. BWrfa to he Cut and Rrypnerated 

Beech 

130 140 Oak 3 

Beech 

7B 8.3 

Oak 

71 81 Oak IBO 

Conifers 

70 80 

Beech 

80 90 Oak 11 

Beech 

76 85 

Beech 

82 92 6ak 61 

Scotch Pine 

82 92 








Yield in Solid Cdbic Fret. 

Serial 


Estimate. 



Number. 

Preaent 

Volume. 

ToUl. 
inent. ' 

Mean 

jier 

Acre. 

_ 

Actual 

KeHult. 


RKaENEHATION. 

Aitillcial. 


i. flianiiHriu Area. 

Kormatlon. Acres. 


l^fgnieration, ^ 

1 5,23« 151 5,383 | 

232 7 233 | 


2 8,031 203 8,300 1,180 

13,501 307 13,928 

dvring the I. Pei’iml. 


19,327 

1,525 

21,352 

33,237 

4,432 

37,669 

4,444 

626 

5,070 

706 

101 

807 

14,575 

1,822 

16,397 

30,400 

4,053 

34,453 

36,279 

4,422 

40,701 

1,384 

169 

1,563 

140,852 

17,150 

158,002 


I 5 I lUantinj? 


Increment. 

104 

151 cub. ft. 
232 „ 
104’'’* = 

7 cub. ft. 


4*50 Planting Ash - 2*30 116 

y 203 cub. ft. 

Spruce 


2 Sowing Oak 1 


8 Sowing 


2 Sowing Oak 1 

3 Planting I “h I 2 


6 Planting ■ • 4 


Increment. 

13.827 

= 1,525 
cub. feet. 
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APPENDIX IV. A. 


Calodlation of Yield foe the I. Peeiod. 



Solid Cubic Fsrt. 

Sources ofYlclO. 

Yield. 

Grand 

M«)an 

Annual 

Yield. 


Detailed. 

Total. 

Total. 

a. Thinnings* say .... 

50,000 




h. Other intermediate yields 

- 

60,000 

50,000 

2,500 

c. Balance in woods already under 
regeneration. 

15,1)28 

13,028 



//. Final yield of woods to be re¬ 
generated . 

158,002 




t To 1x3 dcKlucted as remaining io b(; 
carried over into the II. period 

24,662 




(•. Balance of d to be cut 


139,4.60 



/. Total of c and e ... . 



147,978 

7,969 

Total of all yields 



197,378 

9,868 


• See next liage. 

t The calculation is made as followsKegeneration iicriod = 10 years; 
mean volume (icr acre of wmxls in I. pcrioil — 4,fil7 cubic feet. Tiiere 
remain, when the seeding cutting has been made — 4,047 X di — 2,788, say, 
2,790 cubic feet. It is assumed that these 2,790 cubic feet arc cut away in 
annually equal Instalments of fjth, = 279 cubic feet; hence, the ten coupes, 

each of ~ = 10 acres, will, at the end of the I. period, liavo volumes per acre 

equal to: 


Coupe 10 = 2,790. Coiiiie 9 
„ 7 = 1,959. „ G 

„ 4 = 1,116. „ 9 

„ 1 = 279. 


2,511, Coniic 8 = 2,292. 
1,074. „ 5 = 1,995. 

897. „ 2 = 568. 


thus forming an arithmetical series, the sum of which is = (2,790 + 279) X j 


16,346. This sum must bo multiplied by 10, the size of the coupe, making 
the volume to be carried forward into the II. iieriod = 16,946 x I'G = 
24,662 cubic feet. 
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Local Yield Table fob Thinnings 


Age ClasK. 

"X ield of Tliinuings 
c' solid per acre. 

21-30 .... 

170 

31— 40 ... . 

200 

41— 50 .... 

230 

61— 60 ... . 

245 

61— 70 .... 

2G0 

71— 80 ... . 

230 

81— 90 .... 

200 

91—100 .... 

155 


This table has been used to calculate the expected yield of 
thinnings during the next 20 years. The full details have been 
omitted; the total volume amounts to 50,000 cubic feet in round 
figures. 

Examples.—Takmg Compartment 1, now 80 years old, the thinnings 
would amount, during tho next ten years, to 

19 X 200 = 3,800 cubic feet. 

In tho case of Compartment 9, now 75 years old: 

230 

For tho first 5 years = 4 X = 460 cubic feet 
For the second 5 years = 4 X ^ = 400 „ 

Total = 860 cubic feet. 


C C 


F.U. 
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APPENDIX IV. B, 


B.— OiSNEBAL WOBKINO PLAN FOB THE METHOD BY TOLDMB, 

The Final Yield has been taken peom the Yield 


Com* 

I«rt« 

mont. 

Area 

in 

Acres. 

Pi-eseiil- 

ngc. 

Final 

Age 

jH-fore 

Hliifb- 

iug. 

Final 

YieUl 

per 

Acre 

liefoi'e 

mti ‘ 

mg. 

Am.<)tmknt of Final Yield in C' Before SmmNo. 

I. 

Period. 

II. 

Period. 

III. 

Period. 

IV. 

Period. 

V. 

Period. 

1 

19 

80 

110 

6,500 


125,210 




2 

8 

60 

no 

6,500 



52,720 



3 

6 

60 

no 

6,500 



39,540 



4 

11 

40 

110 

6,500 




72,490 


6 

9 

16 

106 

6,455 





58,095 

6 

3 

130 

140 

7,300 

21,000 





7 

7 

10 

100 

0,320 





14,240 

8 

9 

50 

100 

6,320 



56,880 



9 

4 

76 

105 

6,456 


25,82(1 




10 

11 

75 

105 

6,455 


71,000 




11 

9 

75 

105 

6,455 


58,005 




12 

u 

75 

105 

6,455 


83,915 




13 

3 

80 

no 

6,60(t 


19,770 




14 

7 

16 

106 

6,4S2 





45,374 

15 

7 

16 

106 

6,482 





45,374 

16 

7 

65 

05 

6,125 


42,875 




17 

4 

70 

100 

6,320 


25,280 




18 

5 

70 

100 

6,320 


31,600 




19 

5 

76 

105 

6,455 


32,275 




20 

10 

82 

92 

6,008 

60,080 














19,203 

21 

3 

13 

103 

6,401 






Total 

160 




81,980 

615,849 

149,140 

72,490 

212,286 


Grand total of yield = 1,031,745 cubic feet. 
ATcrage per period = 206,349 „ „ 
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BASED UPON THE DATA GIVEN IN THE TABLE AT PAGE 380. 
Table fob Beech, II. Quality, on pages 358, 3B7. 



Final Age 
opfr 
Mliiftiikg. 

Final Yield 

Alldtmrnt of Final Yikld in C' AfUr SmrriNd. 

CoinpArt* 

meiii. 

I>cr Aero 
nfter 
Bhlfting. 

I. 

Period. 

11. 

Perioil. 

111. 

Period. 

IV. 

Ponod. 

V. 

Period. 

1 

130 

7,090 



134,710 



2 

110 

6,5!i0 



52,720 



3 

130 

7,0!X) 




42,510 


4 

no 

0,500 




72,490 


5 

105 

6,455 





58,095 

6 

140 

7,!tO0 

21,900 





7 

100 

0,320 





44,240 

8 

120 

6,840 




01,500 


t) 

145 

7,405 




29,020 


10 

105 

6,455 


71,009 




11 

105 

6,455 


58,095 




12 

85 

5,665 

73,045 





13 

90 

5,930 

17,790 





14 

106 

6,482 





45,374 

15 

106 

6,482 





45,374 

16* 

95 k 115 

6,125 & 6,715 


21,437 

23,502 



17 

100 

6,320 


25,280 




18 

100 

6,320 


31,600 




19 

85 

5,605 

28,325 





20 

92 

6,008 

60,080 





21 

103 

6,401 





19,203 

Total 



201,740 

207,421 

210,932 

206,180 

212,286 


Grand total of yield = 1,038,559. 

Average per period = 207,712. 

Average annual yield in I. period = 10,087. 

..V. „ = 10,614. 

* Half of the compartment will be cut in the II. period and the other half in 
the III. period. 
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Geneeal Wobkino Plan drawn dp aoooeding 


IlotAtion, 


COHPARTMKMTS. 

DiSTElBUTlON OF Aoii 

1—40 years old. 

41-00. 

01—sa 


Nunibor. 

Cubic feet 

AcrcK. 

Cubic feot. 

Acres. 

Cubic feet 

Acres. 

Cubic feet. 

Acres. 

1 

48,030 

41 

70,6,30 

20 





2 

200,045 

117 

169,614 

40 

192,117 


16,892 

2 

» 

19,072 

34 







4 

21,180 

38 







5 









6 

100,479 

■a 

201,299 

37 

423,787 

07 

353,156 

49 

7 

2(i,487 


46,617 

11 

25,074 

5 

494,418 

49 

8 

28,005 

61 



3.6,316 

5 

42,379 

5 

» 

13,420 

48 







Total 

467,227 

440 

488,060 

108 

676,294 

117 

906,845 

B 

Normal state under a 









rotation of 120 years 









Comparison of real 1 + 
and normal state ) - 










Calculation op the Yield. 


This is done according to the formula given on page 316: 


Annual yield = + 


Grml - Gw 


The real increment, 

The real growing stock, ... 
The normal growing stock, O^mn 


= 102,696 cubic feet. 
= 8,939,771 „ „ 

= 7,456,200 „ „ 


The surplus of growing stock ... = 1,483,671 cubic feet. 


Assuming that this surplus is to be removed in the course of 60 
years, the yield would be— 

1483 571 

Annual yield = 102,696 + — = 102,696 + 29,671 

= 132,367, 

or, during the first 10 years = 1,323,670 cubic feet. 
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TO THK ADSTEIAN ASSESSMENT METHOD. 
120 Years. 


Cussra. 

Volume 

Incrrment. 

Compart* 

meuta. 

Over 100 years. 

Total. 

pfT 

acre, 

cubic 

Annual, iieracre. 

Total in 10 years. 

Number. 

Cubic feet. 

Acres. 

Cubic feet. 

Acres. 

feet. 

Normal. 

Real. 

Normal. 

Heal. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

34,250 

n8.6ti2 

.381,408 

I,(i0(i,8fil 

1,522,104 

540,329 

365,870 

459,103 

1,373,758 

4 

12 

37 

148 

138 

48 

49 
34 

124 

152,910 

097,130 

400,480 

1,028,050 

1,522,104 

1,028,050 

958,406 

505,403 

1,387,178 

211 

71 

18f) 

188 

283 

138 

90 

172 

2.852 

3,804 

5.(541 

8.753 
11,444 

5.753 
(5,945 
5,952 
8,8(55 

85 

85 

70 

85 

100 

100 

85 

100 

100 

70 
75 
(51 

71 

71 

78 

85 

71 

8(5 

65,250 

179,3.50 

49.700 

158,100 

133,000 

288.0(M) 

117,300 

95,000 

172,000 

45,600 

158,2r>0 

43,310 

132,000 

94,430 

220,740 

117,800 

07,460 

147,920 


0,402,345 

584 

8,939,771 

1,354 

(5,003 


70 


1,020,960 




7,450,200 


5,607 

92 


1,242,700 





1,483,571 


1,090 


10 


216,740 


The yield for the next 10 years having been fixed, the forester 
decides where it is to be cut. He selects in the first place all 
silvicultural necessities, such as severance cuttings, the removal 
of shelter trees over young regeneration; next he adds all woods 
which are poor in increment, especially those which have suffered 
from natural phenomena; finally he makes up the total yield by 
adding the oldest woods, with due consideration of a proper distri¬ 
bution of the age classes over the area. In this way, the Special 
Working Plan on the next two pages has been obtained. 

A detailed record of the work done in each compartment is kept 
(see page 394); from these data, and those on pages 390, 391, 
the -Summary on pages 392, 393 is prepared, which compares the 
provisions of the working plan with the actual results. 
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Special Woekino Flak. 



1 

CUTTINOH. 1 


Praining, 

ditches. 

Feet. 


Ci)iuiiart> 

inentH. 

Descriptitm of Cuttings, 
Cultivation, etc. 

Final. 

Cubic 

feet. 

Inter- 

me<liate. 

Cubic 

feet. 

[Jiiltiva- 

tion. 

Acres. 

tructioQ. 

Feet. 

1. 

Final cutting in regene¬ 
rated part 

Filling up blanks with 
spruce .... 

Thinning, and cutting can¬ 
cerous silver firs . 

34,000 

10,000 

3 




Total 

34,000 

10,000 

3 



2. 

*a. Thinningofsheltcr-wood 
and partial final cutting. 
Filling up blanks with 
spruce and Scotch pine. 
a kb. Thinning and re¬ 
moval of cancerous trees 

35,000 

33,000 

10 




Total 

35,000 

53,(K)0 

10 



3. 

a. Seeding cutting, and 
partly final cutting 
b kr. Rest. 

63,000 






Total 

63,000 





4. 

a. 1 binning of shelter- 
wood, seeding cutting in 
the fully stocked parts 
by the removal of can¬ 
cerous and large trees . 

b. Rest. 

341,000 


i 




Total . 

841,000 





6. 

a Thinning and removal 
of cancerous trees . 
h k e. Rest. 

Construction of an export 
road to meet the main 
road . . . . 

19,000 

19,000 



4,900 


Total 

19,000 

19,000 



4,900 









a, b, c refer to 8ub-oompartment>. 
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Special Wobkinq Vhk's—contimud. 




OurriNfJS. j 


Iraining 1 
litchee. s 
Feet. 


Oompait- 

meiitK. 

DftKcription of CuttiuK^i 
Cnltlvation, etc. 

Final. _ 
Cutrfc " 
fret. 

Inter- 

wdiatH. 

Cubic 

feet. 

tion. 

Acres. 

auction. 

Feet. 

6. 

a. Cutting of all old stan¬ 
dards and cancerous trees 
Thinning , . . . 

h. Thinning of shelter-wood 
and partially final cutting. 
Filling up blanks with 
spruce .... 
e. ('uttiiig out of old defec¬ 
tive trees where young 
growth exists 
Construction of an export 
ro!ul to meet the main 
road . . • • 

4.',,000 

198,000 

U,0(KI 

3,000 

12 


9,500 


Total 

257,IMM) 

3,tK)0 

12 


9,500 

7. 

a. Thinning and n^moval 
of cancerous trees . 

}). ilest. 

c. licinoval of standards 
and cancerous trees 
Thinning 

(’oiistruction of an export 
road .... 

47,000 

25,000 

47,000 

ir.,noo 



r .,000 


Total 

72,000 

62,000 



5,WX) 

8. 

In the regeneration area: 
thinning of sholter-wcxxl 
and partially final clear¬ 
ing; in the icst seeding 
eutting . . • • 

Filling up blanks with 
spruce . . • • 

Construction of an export 
road 

103,000 


3 


S.BOO 


Total 

K,:i,ooo 


3 


3,600 

0. 

Continuation of rogonoTa 
tion cuttings amt re 
raoval of cancerous tree 
Thinning in fully slockci 
pints . . • 

Filling up blanks wit 
spruce and Scotch pine 
Construction of an expor 
mail 

^ 105,OOt 
1 

1 

t 

7,00 

D 

8 


3,000 


Total 

1 • 

1 , 

1 ^ 

1 “S 1 

0 7,00 

0 8 

1 

3.000 
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Sdhmaby op the Pbovisions op the 



Peovlsions of Working Plan. 

Compartmentfl. 

Cuttings. 





Pinal. 
Cubic Feet. 

Inter, 
mediate. 
Cubic Feet. 

Total. 
Cubic Feet. 

Oultiva* 

tion. 

Acres. 

Draining. 

Feet. 

Constnic- 

tion. 

Feet 

1. 

34,000 

10,000 

44,000 

3 



2. 

36,000 

53,000 

88.000 

10 



3. 

63,000 


53,000 




4, 

341,000 


341,000 


. 


6. 

19,000 

19,000 

38,000 



4,900 

6. 

267,000 

3,000 

260,000 

12 


9,500 

7. 

72,000 

62,000 

134,000 



6,000 

8. 

163,000 


163,000 

3 


3,600 

9. 

195,000 

7,000 

202,000 

8 


3,000 

Total. . 

1,169,000 

164,000 

1,323,000 

36 


25,900 


;\Jo((.._The eioess WBS due to heavy windfalls ; it will not derange fulur 
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WOBKIKO Plan and qp the Bxecdtion. 









CtlMPARIROK OK 



1 RK8UI.TB OF Actual Work Done. 


PlU)PoSIia> AND Kx 









KcuTKD Currmos. 


Com* 

part- 

mentfl. 


Cuttings. 





Cut too 

Cut too 

Remarks. 




Oulti- 


(y’Otl- 



Final. 

Cubic 

Feet. 

Inter* 

mediate. 

Cubic 

Feet. 

Total. 

Cubic 

Feet. 

yatioii 

Acres. 

hig. 

Feet. 

struc. 

liOtl. 

Feet. 

Cubic 

Ftiet. 

Cubic 

F«“0t. 


1. 

33,034 

12,549 

46,58;-l 

4*4 



1,583 



2. 

64,817 

75,0()0 

129,617 

5-0 



41,.517 


Excess due to 
windfalls and 
snow-break. 



3. 

i:i2,9oo 


132,909 

-1 



70,000 


Excess (luc to 
whidfalls and 
s]iow-break. 


4. 

177,169 


177,159 

•1 




153,831 

Held back, on 
ivccount of ex* 










tra fellings in 
other compts. 

6 . 

86,606 

68,301 

154,907 



5,003 

116.907 


Excess 4luc to 
windfalls. 

6. 

342,444 

21,(>36 

361,079 

8-4 


9,679 

104,070 


Excess: wind¬ 
falls and con¬ 
struction of 
rojwl. 





7. 

96,852 


05,862 



5,209 


38,148 

Thinning held 









over. 

8. 

111,049 


111,049 

•0 


3,501 


51,051 

Held back on 
account of ex- 

9. 

197,660 


197,660 



2,953 


4,340 

cess in other 
compartments. 

Total. 

1,231,231 

177,485 

1,408,716 

18-9 


25,525 

8.5,716 




arrangementH, as there is a considemblc excess of growing stock in tl)c forest. 
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SAMriE Pahe of the Detailed Control Hook. 
Chmpartmi'ut 1. 




CUTTINOS. 

CiiHIva- 

lion. 

Acres. 

Draining 

Ditches. 

Feet. 

Hoad 

Year. 

DeKcriptiOTi of Cuttings, Culti¬ 
vation, eto. 

Final. 

Cubic 

Feet. 

Inter- 

iiiPiiiatc. 

Cubic 

Feet. 

Con¬ 

struc¬ 

tion. 

Feet. 

Prornkm of WorVing Plan. 







Final cutting in reguncratoil ])art 

Filling u|> blanks with spruce . 

34,000 


3 




Thuniing and cutting of can* 
cci’ous silver firs 


lO.ono 





Total . 

34,000 

10,000 

3 



K^enttion.. 






1884 

Final cutting .... 

14,297 






Dry and windfall wood . . . 

818 





1885 

Wiiiiir.all.'i. 

667) 





1880 

Final cutting, thinning . . . 

6.166 

832 




15 

Windfalls. 

B47 





1887 

Windfalls. 

1,303 





1888 

Final cutting, thinning 

7,739 

11,717 




15 

Planting. 



1-7 



55 

Windfalls. 

82 





1889 

Dry wood, windfalls . . . 

C49 





15 

Planting. 



2-2 



1890 

Windfalls. 

093 





51 

Planting . . . , . 



•1 



1891 

Planting. 



•2 



1892 

Planting. 



•1 



1898 

Planting. 



■1 




Total . 

83,034 

12,549 

4-4 
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Notes on the Formulae for Compound Interest (see page 116). 

Summation op Geometrical Series. 

Let a he the first position in a geometrical series, q the factor 
with which the first position is multiplied in order to obtain the 
second position, and so on, and n the number of positions. Then 
the sum 

S = a + aq + aq‘‘ + aq^ -\r ... + aq"-'. 

By multiplying both sides with q, the equation becomes 
Sq = aq + aq‘ + aq^ + aq* . . . + aq^. 

Deduct the first from the second equation : 


Sq — S = aq“ - a, or 
S' (2 - 1) = a (g“ - 1). 


S 


«_(£“- I) 
-q-l 


(for a rising series). 


This is the formula for the sum of a rising series. In the case of 
a falling series {q < 1), a more convenient form is obtained by 
multiplying the formula above and below by — 1, which gives the 
formula— 

S = (tor a Miog series). 

If now w = OD, then g® — o, and 


S = (for a falling infinite series). 

1-2 

Formula III.-C^ = obtained: 

B + iJ X I'Qp’" + llx l-Ol''"" + .. • + -B X l-Op'"-'’”*. 
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Here a = B and q = l-Op”*; hence, 

^ _ B (l' 0 p’»-‘ - 1) _ _ B (1 - l-0r“) 

i-Oj,"-! ’ l-i-Op™ ■ 


Formula IV.—C,. = 


r (l-0p“ — 1) 
•Op. 


This formula is obtained by introducing ot = 1 into Formula III. 
FormuU F.-C. = (y-Qy,. _ i) 


l-0p’“ l'0p^“ 


c. 

Formula V, 


Herea = j,|;,.,andg = ^„; 


hence 


, which, after reduction, leads to 


l-0p"‘ 


Formula VI.—C, = obtained by introducing 


m = 1 into Formula V. 


Formula VII. —0„ = 


hence C. = 


1 - 


r 

1-Op r 
~ 'Op' 


lOp 


Formula VIII.—C, 


R 


1-Op” -1 


B 


B 


B 


~ l-()p” 1-Op®* "t" • ■ • l-0p“ 

Hereo = q = : and« = » ; hence. 
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B 

I'Op" B 

r = TOj>»‘-"r 

I'Op’* 


B X 

Formula IX. —C„ = \ 


B B B 

= j.Q^» + i'o^+ ” i'0/“ 1+ • • • + 


B_ 

l-Op®’ 

Here a = ; q = ; and n = » ; hence, 

B 


C.= - 


_ B X 

^ ■“ 1 ^- l- 0 y’‘- 1 


iop" 


Formula X-C„ =is obtained by multiplying 

Formula VIII. by l-Op-; or in the following way ;— 

B B B 


i'Op" i'0/'‘ + • • • + i-dp® 


G, = B + + j. ^ 

B B X I'Op” 
1-Op" — 1 ■ 


0 ,. =- 


1 


1 

1-Op" 


B 


Formula XL —r =pop"—1 ^ 


B 


B 


15^ + i-0p2" + - - •• ® 1-Op + l-0p2 + 
or, according to Formulas VIII. and VII., 

“->' = 04 .^ 

Formula XII.—r = _ f ^ 


a; 


B 


+ loy"*** + 'i-op’"+*" 

or, according to Formulas IX. and VII., 

p s/ r , B X 1-Op"-^ ^ 

^i^=.^andr=T:^;r^X Op 


B 


1 + ' 


B 


+ ...«= + l-Ops + 


. 00 
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„ , B X l-Op" 

Formula Xlll.—r = -y x -Op 

■« + j^o^. + j:o^„ +...«- ;^.0p + i-o 

or, according to Formulas X. and VII. 

B X I’Oj)" r j B X 1-Op" 
1-Op" - 1 = *■ “ l-Op" - 1 


p+...« 

X -Op. 



